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ADVERTISEMENT, 


TH  E  Committee  appointed  by  the  Royal  Society  to  d  irefl  the  puB*^ 
Ticziion  of  the  Pbilofcfbical  Tranfa^ions^  take  this  opportutiity  to* 
acquaint  the  Public,  that  it  fully  appears,  as  well  from  the  council-books 
and  journals  of  the  Society,*  as  from  repeated  declarations,  which  have 
been  made  in  lercral'  former  Tranfa^Uons^  that  the  printing  of  them  was 
always,  from  time  to  timei  the  finglc  aftof  the  refpeftive  Secretaries,  till 
the  Forty- feventh  Volume :  the  Society,  as  a  body,  never  interefting  ihem- 
icfves  any  further  in  their  pubItcation,ihan  by  occafibnaJly  recommending 
tBe  revFval  of  them  to  Ibme  of  their  Secretaries,  when,  from  the  particular 
drcumftances  of  their  affairs,  the  Tranfadions  had  happened  for  any 
length  of  nme  to  be  intermitted.  And  this  feems  principally  to  have 
been  done  with  a  view  to  latisfy  the  Ptibllc,  tbat  their  ufual  meetings 
were  thes  oontintied  for  the  improvement  of  knowledge,  and  benefit  of 
mankind,  the  great  ends  of  their  firft  inftitution  by  the  Royal  Charters^, 
and  which  they  hft?e  e^er  fihce  fleadily  purfued. 

But  Ac  Society  being  of  late  years  grtatly  inlarged',  and  their  com*- 
munications  more  numerous,  it  was  tbought  advifeable,  that  a  Committee 
•f  their  members  fllould  be  appointed  toreconfider  the  papers  read  be- 
fore them,  and  feleA  out  of  them  iachj^  as  they  fhould  judge  moll  pro- 
per for  publication  in  the-  future;  Trnn/aiffiofit  ^  which  was  accordingly 
done  upon*  the  26th  of  March  1752.  And  the  grounds  of  their  choice 
are,  and  will'*  continue  to  be,  the  importance  and  fingularity  of  the  fub- 
jefis,  or  the  adfanti^eous  manner  of  treating  them ;.  without  pretending. 
Manfwer  fer  the  certamty  of  the  fafts,  or  propriety  of  the  reafonings,. 
eonuined  in  the  feveral  papers  fo  publllhed,  which  mufl  Hill  rcfl  on  tbr 
aacdk  o£  j^dg^nent  of  their  refpcflite  authors. 

Ifc 
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Tt  is  likewife  neccflary  OQ  this  occafion  to  remark,  that  it  is  an  efta- 
blifhed  rule  of  the  Society,  to  which  they  will  always  adhere,  never  to 
give  their  opinion,  as  a  body,  upon  any  fubjcft,  cither  of  Nature  or  Arr, 
that  comes  before  them.  And  therefore  the  thaoks,  which  arc  fre- 
quently propofed  from  the  chair,  to  be  given  to  the  authors  of  fuch  pa- 
pers, as  are  read  at  their  accuflomed  meetings,  or  to  the  perfons  through 
whofe  hands  they  receive  them,  are  to  be  confidered  ja  no  other  light 
than  as  a  matter  of  civility,  in  return  for  the  refpcft  IheWQ  to  the  Society 
by  thofe  communications.  The  like  alfo  is  to  be  faid  with  regard  to 
the  feveral  projefls,  inventions,  and  curiofiiies  of  various  kinds,  which 
are  often  exhibited  to  the  Society ;  the  authors  whereof,  or  thofe  who 
c^xhibit  them,  frequently  take  the  liberty  to  report,  and  even  to  certify 
in  the  public  news-papers,  that  they  have  met  with  the  higheft  applaafe 
and  approbation.  And  therefore  it  Is.hopcd,  that  no  regard  vrill  here- 
after be  paid  to  fuch  reports,  and  public  notices  j  which  in  fome  inftanccs 
have  been  too  lightly  credited,  to  the  dilhonour  of  the  Society. 
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.BEING  THEIR  ANNIVERSARY. 


Bt    JOSEPH     BANKS,    Es 


PRESIDENT. 
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NVHBMaaMMHft 


THE  Emotions  of  Gratitude  infpired  by  the  very 
Place  in  which,  by  the  Munificence  of  our 
Royal  Patron,  we  are  now  for  the  firft  Time  affcm- 
bledy  render  it  impoflible  for  me  to .  negleft  the 
Opportunity  which  this  Seafon,  when  ye  have  been 
ufed  to  hear  yourfelves  addreffed  from  the  Chsdr, 
affords  me,  of  offering  my  (hiall  Tribute  of  Acknow* 
ledgement  for  a  Benefit  (o  eminently  calculated  to 
promote  the  Honour  and  Advancement  of  this 
Society. 

£ftabli(hed  originally  by  the  Munificence  of  a 
Royal  Founder ;  foftered  and  encouraged  fince  that 
Time  by  every  fucceffive  Monarch  who  has  fwayed 
the  Briti(h  Sceptre,  ye  have  ever  proved  yourfelves 

A  2  worthy 
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worthy  the  Favor  of  your  Royal  Protedlors.  A 
Newton,  who  pruned  his  infant.  Wing  under  your 
Aufpices,  when  his  maturer  Fh'ghts  (bared  to  Worlds 
uhmieafurably  diflant,  ftill  thought  a  Place  among* 
you  an  honorable  Diftindlion.  A  Newton's  immortal 
Labors,  a  Boyle,  a  Flamstead,  a  Halle y,  a  Ray, 
and  many,  others,,  of  Tjirhoni  Ltruftit  is'needlei«  to- 
remind   you,    have,  macje.^mple   Returns    for    the 

'  I  f  * 

Patronage  of.  former  Monarchs. 

'  •...      I    . I    1        ;   ii.i    •     . 

"  Kut'  bduntiful   as   the    Encouragement  ye    have 

received   front  former  ratrons  Has  ever  been,    the 

•     •  •  .  ? 

Fkvors  whicn  Science  ha«,  .through,  your  Interceffion, 
received . from  Hs  prefent  Majefty  (whom.  God  long  . 
prefer ve !)  have  eminently  outdone  their  moft  extenlivc 

•  ... 

Ideas  of  Liberality.    Ample  Funds,  by  Him  provided, 
have  enabled  you  to  reward  Men  of  extenfive  Know- 

ledgs  and  Ability,  -  for  fpending  whole  Years  in  the 

< 

Serv^eof  Science  ;.',6bferving  twice  theTranfitof  the 

...  •.    '••■  .1  '.  .  'j^--'  '■-.•'*'        "•       ,    ■  •      ■ 

planet  Venus  over  the  Diflc  6f  the  Sun.     At' your 
Reqiieft,  the  Publjck  defrayed-the  .Expence^of  convey-  •- 
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ins  them  to  the  moft  diftant  Parts  of  the  Globe  we 
inhabit,  where  the  purpofes  of  their  Mifllon,  fo  im- 
portant to  the  Science  of  Aftronomy,  could  beft  be 
fulfilled ;  while  ye  alone  enjoy  among  your  Fellow 
Academies  the  Reputation  of  having  both  (ent  and  re- 
warded them. 

And  more ;  thbfe  very  Donations  were  fo  liberally 
planned  by  that  Attention  to  Science  which  has  ever 
diftinguimed  His  prefent  Majfefty*s  Reign,  and  will 
for  ever  bear  Teftimony  of  his  enlarged  Mind,  and 
Difpofition  favorable  to  the  Advancement  of  true 

Knowledge,   that  the  Surplus  alone  enabled  you,  with 

his  Royal  Approbation,  to  inftitute  Experiments  on 
the  Attra(Slion  of  Mountains,  amidft  the  barren  and 
bleak  Precipices  of  the  Highlands  of  Scotland,  which 
then,  for  the  firft  Time,  beheld  Inftruments  of  the 
niceft  Con ftriid ion  tran {ported  to  the  Summits  of  their 
pathlefs  Crags,  and  Men,  ufed  to  other  Habitations, 
voluntarily  residing  in  temporary  Huts,  eager  to  ex- 
prefs-a  grateful  Senfe  of  tKeIr  Royal   Patron's  Libe- 

tahty. 
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Tality,  by  thus  promoting  to  the  utmoft  the  Caufe  of 
Science,  in  which  they  were,  under  his  Protefikion, 
"embarked. 

Gifts  like  thefe,  unfolicited  and  unconditionally 
bellowed,  might  have  fatisfied  the  Impulfes  even  of  a 

« 

Princely  Munificence;  but  not  fo  with  our  Royal 
Patron.  Amply  informed  in  every  Branch  of  real 
Knowledge,  He  refolved  to  beftow  a  dill  more  diftin- 
guifhed  Mark  of  his  Favor  on  Science  which  he 
loved,  and  in  this  his  laft  bed  Gift  has  fulfilled  his 
Royal  Refolution. 

Such  a  Donation,  fo  fuited  to  our  prefent  profper- 
ous  and  fiouri(hing  Condition  under  his  Royal  Pa- 
tronage and  Protedlion,  is  admirably  calculated  to 
increafe  the  Refped^  great  as  it  is,  which  ye  have  ever 
received  from  the  Learned  of  all  Europe,  placing 
you  at  once,  in  every  Point  of  fplendid  Accommoda- 
tion, as  much  above  all  Foreign  Academies,  as  the 
Labors  of  your  learned  Predecefibrs  had  raifed  you 
above  them  in  literary  Reputationr 

Let 
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Let  then  Gratitude  to  a  Sovereign,  from  whom  ye 
have  received  fuch  confpicuous  Encouragement,  en- 
gage you,  by  an  Application  to  a  Promotion  of  the 
Sciences  ye  Severally  poflefs,  to  deferve  a  Continuance 
of  his  Royal  Favor ;  to  meafure  your  future  Exertions 
by  the  Standard  of  his  princely  Liberality ;  and  thus 
fliew  the  World,  that  ye  ftill  are,  as  ye  always  havt 
been,  worthy  the  Patronage  of  your  King !. 


T    H    E 
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in  the  Royal  Navy. 
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F.  A.  S. 
Matthew  Duane,  Efq.  t.  A.  S. 

Truj.  Br.  Muf. 
Andr.  Coltee  Ducarel,  LL.D. 

F.  A.  S«  Sec.  Antiqu.  CqfiU.  Soc. 

Daniel  Dumarelque,  D.D. 

Thomas        Dumxher,  Elq. 
Lieut.  Col.  Thomas   Dundas, 

M.  P. 
Francis         Duroure,  Efq. 
Lieut.  Col.  John  Duroure. 
The  Rev.  Lewis  Dutens,  M.A. 

[Ac.R.Ittfcr.€tHsan.Lit.^arif.S. 

The  Rev.  Philip  Duval,  D.  D. 

Will.  Benfon  Earle,  Efq.  F.A.S. 
John  Elliott,  Efq.  Captain  in  the 

Royal  Navy. 
Henry  Ellis,  Efq. 

John  Ellis,  Efq.  F.  A.  8. 

Rt.  Hon.  Welbore  Ellis,  M.  P. 

Treafurer  of  the  Navy^  Truft. 

Br.  Muf. 
Charles  Dodgson,L.  Bp.  of 

Elphin. 
Thomas        Emlyn,  Efq. 
Sir  Hen.  C.  Engleficld,  Bt.  F.A.S. 
Brownlow  Earl  of  Exeter, 

F.  A.  S. 
John  Ross,  L.  Bp.  of  Exeter. 

William 
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Wiiliam  Falcohcri  M;  D. 

WiUbm  Farr,  MID. 

William  Fauquier,  Efq, 

Samuel     .  Fclton;  Efq  F.A.S. 

Keane  Fitzgerald,  Efq. 

Sir  Martin  Folkes,  Bart. 

George  Fordyce,  M.  D. 
Mr.  George  Forftcr,  m.  R.  Matr. 

Sec,  J?.  Hqfk.  Nat.  ScTM/at.  Ber&l*  ScdaSf 
b^R.  GotuCorre^. 

John  Reinhold  Forfier,  LL.  D. 

F.  A.  S.  Acad.  R.  lUlm,  et  MadriU 

Soc.  R.  ^ffid*  ^^/^  B<^.  Gctboh.  Gidan. 
it  Nat,  Scrutat.  Berolin.  Socius^  Acad,  R, 
Sdcmt.  tf  Acad.  Infer.  Pari/.  Cdrr^. 

Thomas       Forfter,  M.  A. 
Anthony       Fothergill,  >M.  p. 
Thomas        Frankland,  Efq. 
BenjamiiiFranklin,LL.D.F.A,S. 

Ac.  R.  Par.  Sec.  R.  Gouing.  &  Mid. 
ParyiSoc. 

Naphtali       Franks,  Efq. 
Hon.  Archibald  Campbell  Frafer. 
SirCharles  Frederick,K.B.F-  A .  S. 
Surv.  Gen.  of  Ordnance j  M.P. 
John  Frere,  Efq.  F.A.S. 

Lieut.  Col.  William  Fullarton. 

Alex.  Garden,  M.  D.  Soc.R.upf.Soc. 
Maxwell       Garth (hore,  M . D. 
Mr.  Francis  Geach. 
Thomas  Gilborne,  M.  D.  Phyji^ 
cian  to  bis  Majejifs  Houjhold. 


E  M  B  E  R'  S. 

The  Rev.  Samuel  Glaflc,  DID; 

Lieut.  Jatn^s  Glenie. 

WUliam  Mann  Godfchall,  Efq. 

F.  A.  S. 
The  Rev.  Ifaac  Goflet,  M.  A. 
Richard  Cough,  Efq.  Dir.  A.  S. 
The  Rev.  Richard  Gould,  D.D. 
John  Grant,  Efq. 

Charles  GTay.Efq.  Tru/i.Br.Muf. 
Edward  Whitaker  Grey,  M.D. 
The  Rev;  Richard  Green,  D.D. 
John  Greg,  Efq. 

Hon.  Charles Greville,  F.  A.  S. 

M.  P.  Lord  of  the  Admiralty » 
Mr.  Richard  Grindall. 
Steddy  Grinfield,  Efq. 

Richard  Lord  Grosvenor.  ■ 

Hugh  Hamerfley,  Efq.  F.  A.  S. 
Hon.  Charles  Hamilton. 
The  Rev.  Hugh  Hamilton,  D.D. 
Hon.  Sir  Wm.  Hamilton,  K.  B. 

F.  .A.  S,  his  Majefly's  Envoy 

Extra  and  Plenipotentiary  at 

the  Court  of  Naples, 
Robert  Vifcount  Hampden, 

F.A.S. 
Philip  Earl  of  Hardwicke, 

F.  A.  S. 
Mr.  William  Harrifon. 
Edward     Hafted,  Efq.  F.  A.  S. 

George 
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George  Finch  Hatton,  Efq, 
Alexander     Hay,  M.  D^ 
Richard         Hazard,  Efq. 
Thomas  Healde,   M.  D.  Prof. 

Med.  Grejh. 
The  Rev.  Benjamin  Heath,  M.  A. 

F.  A.  S. 
John  Heathcote,  Efq. 

Sir  Thomas  Heathcote,  Bart. 
William  Heberden,  M.D.F.A.S. 
The    Rev.   Samuel    Hemming, 

M.  A. 
John  Henniker,  Efq,M.P. 

Mr.  Thomas  Henry. 
The  Rev.  William  Henry,  D.D. 
Mr.  William  Hey, 
WjLLsEarl  of  Hillsborough, 

Secretary  of  State^  Truff.  Br. 

Muf 
The  Rev.  Jofepli  Hoare,  U.  D.. 

Sir  Hcnr/  JHoghton,  Bart.  M.P. 

Peter  Holford,  Eiq.  F.  A.S.  Maf 

ter  in  Chancery. 
JohnZcphan.  HoUwcU,  Efq, 
Edward  Hooper,  Efq.  Commif 

fioncr  of  the  Cujioms. 
Hon.  Charles  Hope  Wicr. 
John   Hope,  M.D.  Prof.   Bot. 

Edlnb. 
Mr.  Daniel  Hopkins, 
iiichard  Cope  Hopton,  Efq. 


EMBERS. 

The  Rev.  Thomas  Homfby, 
M.  A.  F.  A.  S.  SaviL  Prof 
AJlron.  Oxf.  r.  Soc.  Gott.  Soc. 

Mr.  James   Horsfall. 

The  Re  V.Samuel  Horfley  ,LL.D. 

John  ^  Howard,  Efq. 

Mr.  Samuel  Howard. 

William  Auguftus  Howard, 
M.D. 

Charles  Grave  Hudiim,  Efq. 

Mr.  Wilfiam  Hudfon. 

Sir  Abraham  Hume,  Bart. 

Alexander     Hunter,  M.  D. 

John  Hunter,  Efq.  Surgeon  ex^ 
ira  to  bis  Majejiy. 

William  Hunter,  M.  D.  F.  A.  S. 
Phfician  extra  to  her  Majejiy. 

FilANCIS  E.  of  HUNTINGDOJN^, 

F.  A.  5. 

Mr.  Philip    Hgrlock. 

Charles  Hutton,  LL.D.  Mafer 
of  Geometry  at  the  Royal 
Military  Academy  at  Wool^ 
iwich. 

The  Rev.  Cyril  Jackfon,  D.  D. 

Humphrey    Jackfon,  Efq. 

William       James,  Efq.  F.x^.S. 

Sir  William  James,  EJart. 

John  Ibbetfon,  Efq.  FJV.S. 

John  Jcbb,  M.  D. 

Sir 
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Sir  Ricliard  jebb,  Bart.  F.  A.  S . 

Pbyjician  extra  to  his  Majefy. 
John  Jennmgs,  Efq. 

John  Ingen-Houfe,  Phyjician  to 

the  Emperor^  Soc.  Rotter^.  S6c. 
Richard  Paul  Jodrell,  Efq. 
William        Jones,  Efq.  F.A.S. 
The  Rev.  William  Jones,  M.  A. 
Jofliua  Iremonger,  Efq*, 

Mr.  John  Obadiah  Jiiftamond. 


The  Rev.  Richard  Kaye,  LL.  D. 

F.  A,  S.  Truji.  Br.  Muf. 
The  Rev.  Benj.  Kennicott,  D.D. 

[Jcad.  Eh  Faiat.  R.  Soc.  Gott.  Soc, 

Robert  Ker,  Efq* 

Edward   King,    Efq-  F.  A,  S. 

[^Soc.  Anfiqu,  Cajell,  Stfth 

The  Rev.  John  Glen  King,  D.D. 

F.  A.  S. 
The  Rev.  Andrevi^  Kippis,  D.D. 

F.  A.  S. 
Richard         Kirwan,  Efq. 

Mr,  John      Landen.. 
Mn  Timothy  Lane. 
Jac.  Frederick  Lantfheer,  Efq. 
Thomas        Lafliley,  M.  D. 
Mr.  John      Latham. 
The  Rev.  Charles  Peter  Layard, 
M.  A.. 


E  M  B  E  R  S. 

Daniel    Peter   Layard,    M.  IX 

F.  A.  S.  Soc.  R.  Gou.  Soc. 

Francis  Lord  LeDespencek^ 

F.  A.  S. 
Arthur  Lee,  M.  D. 

Thomas  Duke  of  Leeds,  K.G-r 
Mr.  Charles  L'Epinafle.. 
John  Letch,  M. D.  F.  A .  S. 

John  Coakley  Lettfom,    M.D. 

F.  A.  S. 
Sir  Afliton  Lever,  Knt.  F.  A.  S. 
James  Lind,  M.  D. 

Peter  Livlus,  Efq. 

George  Lloyd,  Efq. 

John  Lloyd,  Efq.  F.A.9. 

The  Rev.  John  Lockmnn,  D.D*. 
RoREUT  LowTii,  L.  Bifliop.  of 

London,    Tru/l.    Br^  Muf. 

Soc.  R.  Gott,  Sec, 

The  Rev.  Michael  Lort,  D.  D.. 

r.  A-    b.    \Soc.  Antiqu,  CaJpll^SoJ. 

John  Gideon  Loten,  Efq.  F.A.S.. 

JoH^  Earl  of  Loudoun. 
Richard  Warburton  Ly  tton,  Efq*. 

Mr.  Murdoch  Mackenzie. 

Sir   Herbert  Mackwortfa,  Bart** 

F.  A.  S. 
Mr.  John  Hyacinth  de  Magellan,. 

[Ac.  Imp.  Petrop.  ei  R.  Mair.  Sc§. 

Charles  Vifcdunt  Mahon.. 

The: 
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The  Rev.  John  James  Majendie, 

D.D. 
John  Malliet,  Efq. 

The  Rev.  Owen  Manning,  B.D. 

F.  A.  S. 
Hugh  Earl  of  Marchmont. 
Hon.  Charles  Marfham,  -M.  P. 
Robert  Marfham,  Efq. 

Francis   Maferes,    Efq.  Curjitor 

Baron  of  the  Exchequer. 
Mr.  John      Maud. 
Ifrael  Mauduit,  Efq. 

Lieut.  General  Robert  Melvill, 

F.  A.  S. 
Owen  Putland  Meyrick,  Efq. 
The  Rev.  John  Michel),  B.  D. 
Richard         MicheU,  Efq.F.A.S. 
The  Rev.  Jeremiah  Milles,  D.D. 

Pr.  A.  S.   Dean  of  Exeter j 

Soc.  Antlqu*  CaJfdU  Sod. 

Jeremiah      Milles,  Efq.  F. A.S. 

John  Mills,  Efq.  Jlcad.Eka.Palat.Soc. 

Francis  Milman,  M.  D. 

The  Rev.  Ifaac  Milner,  A.  M. 
Daniel  Minet,  Efq.  F.A.S. 

WUliam       Mitford,Efq-  F.A.S. 

John  Earl  of  Moira. 
Hon.  Coote  Molefworth,  M.  D. 
Donald         Monro,  M.  D. 
George  Duke  of  Montagu, 

K.  G.  Mafter  of  the  Horfe  to 

his  Majefty. 


EMBER  S. 
The  Rev.  Thomas  Morell,  D.D. 

Sec.  A.  S.  S^c.  Antiqu.  Cajfitt,  S»J. 

John  Morgan,  M.  D. 

Michael        Morris,  M.  D. 
Leonard        Morfe,  Efq. 
Charles  Morton,  M.  D.  F.  A.  S. 

[Ac.  Imp,  Nat.  Cur*  Isf  Fei.  Socm 

Mr.  Peter     Moultou. 

Mr.  John      Mudge. 

Hon.  Col.  James  Murray,  M.P, 

Robert  Mylne,  Efq. 

Mr.  Edward  Nairne. 

Sir  James  Napier,  Knt.  F.  A,  S. 

Jofeph  Nafh,   Efq. 

Mr.TurbervilleNeedham,F.A.S* 

\pireH.  Acad*  Imp,  et  R.  BruxeU. 

Henry  Duke  of  Newcastle. 

John  Nicoll,  Efq. 

Baron  Guftavus  AdamNolcken, 
Cgmmander  of  the  Order  of 
Polar  IStarj  and  Envoy  from 
the  King  of  Sweden. 

John  Mervin  Nooth,  M.  D. 

Charles  Duke  of  Norfolk, 
F.  A.  S. 

Hugh  Duke  of  Northumber- 
land, K.  G.  Trujl.  Br.  Muf. 

Rt.  Hon.  Sir  Fletcher  Norton, 
Knt.  M.  P.  F.  A.  S. 

Sir  Lucius  O'Brien,  Bart.  F.A.S. 
Hon.  Edward  Onflow,  M.  P. 

John 
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Jchik,  Ord,  Efq.M.P. 

John  Oiborne,  ETq. 

The  Rev.  Henry  Owen,  M.  D, 

Hen.  Vifc.PAX,MERSTON,M.P. 

Lord  of  the  Treafury^  F.A.S. 

Paical  de  PaoU,  Eiq. 

Jolui  Paradlfe^  £fq. 

John  Parker,  £fq. 

The  Rcr.  Waiiam  Parker,  D.D. 

Henry  Partridge,  Efq. 

Sir  Ralph   .  Payne,  K-  B. 

Jehn  Peachey,  Efq.  F, A.S.  M.P. 

Charles  Anderibn  Pelham,  £fq« 
M.P. 

Thomas  Pennant,  lES(\JSoc.R.Uff,Soe. 
The  Rev.  Richard  Penneck,M.A, 
Henry  Penton,  Efq.  M.  P.  Lord 

tf  the  Admiralty. 
Lucas  PepySy  M.  D.  F.  A.  S. 

Pbjifician  extra  to  his  Majejfy. 
Thomas  Pcrcival,  M.D.  F.A.S. 

[R.  Sac.  Me  J.  Par.  Soe. 

WilliamPhilpPerrin,Efq,F.A.S. 
Robert  Edw.  Lord  Petre^ 

F.  A.  S. 
James  Petty,  Efq. 

Granado       Pigott,  Efq. 
Nathaniel  Pigott,  Efq.  JcaJUJmf. 

WiUiam  Pitcaim,  M-D.  PreJ.  R. 
Coll.  Phyf.  Truft.  Br.  Muf. 


EMBERS. 

John  Pitt,  Elq. 

Othek  Earl  of  Plymouth. 
Baron  Jof.  Lewis  Podmaniczky. 
Mr.  Jofcph  Poll. 
Allan  PoUok,  M.  D. 

ALEXANDERLord  Pol  W  ARTH. 

Edward        Poore,  Efq. 

W.  Hen.  Duke  of  Portland, 
F.A.  S.TruJ.  Br.  Mu/ 

Mr.  Percivall  Pott. 

Thomas     Pownallj  Efq.  F.A.Sk 

Jacob         Ptefton,  Efq.  F.A.S. 

The  Jle  V,  Williasn  Prefton,  M.  A. 

The  Rev.  Richard  Price,  D.  D. 

The  Rev.  Jof.  Prieftley,  LL.D* 

Samuel         Prime,  Efq. 

Sir  John  Pringle,  BarL  F.  A.  S. 
Pbyjician  extra  to  bis  Majefly 
and  Phyfician  to  her  Majefiy^ 

Jk.  R.  Sc.  Par.  HP  drop.  Soc. 

Richard        Pulteney,  M.  D. 
The  Rev.  Mr.  Henry  Putman. 


Major  Gen.  Charles  Rainsford. 
Sir    Walter    Rawlinfon,    Knt. 

F.  A.  S.  M,  P. 
Samuel  Reynardfon,  Efq.  F.A.S. 
Sir  Jofliua  Reynolds,  Knt.  Pr. 

Roy.  Acad. 
The  Rev.  Robert   Richardfon, 

D.  D.  F.  A.  S. 
B  Charles 
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Charles  Dukeof  Ricbmond. 
Mr.  David   Rir. 
Matthew      RobinlcHi,  Ef(|. 
Cha.  Marquis  of  RocKiNeHABf, 

John  Roebuck,  M.  D. 

Charles         Rogers,  Efq.F.A^. 
John  Rogerfon,  M.  D.  Pbyjician 

to  iht  Emprefs  of  RuJJia. 

Robert  LordRoMNEY* 
Colonel  Waiiam  Roy,.  F.  A.  S. 

"Deputy^artermafter  General, 
Francis        Riiffell,  Efq.  F.A.S. 
Patrick         Ruflel,  M-  D. 
WiUiam.       Ruffcll,.  Efq. 
Thomas       Rjves,,  Efq^ 

Count  Jerom  de  Sails. 

The  Rev.  Henry  Jcrom  de  SaUs, 

D.  D.  Fi  A.  S. 
Jofeph    Salvador,. Efq.  F.  A..S. 
Sb  George    S«^ile,  Bart. 
Richard         Saunders,  M.-E>. 
Ke^jneth  Eacl  o£  Seajorth,. 

F»  A.-  b. 
William  Seward,  E(q,  F.A,  S. 
Lancelot       Shadwell,  Efij. 
Mr.  William  Sharp.. 
The   Rev.  Anthony  Shepherd^ 

D.  D.  Prof,  Afpron.  Cambr. 
MoLYNEUX  Lord  Shhldham, 

MJ*.  Vice  AdmirahftbeRed. 


EMBERS. 

Robert  Sbuttlewortti,  Efq^ 

Sir  John  Sflveftcr,  Kpt.  M,  D^ 
John  Silvefter^  £f<). 

Samuel  Foart  Simmons,  M.  D» 
Mr.  Jc^n     Smeaton. 
Adam  Smith,  LL^  D^ 

Sir  John  Smith,  Bart.  F*  A,  S. 
James  Carmichael  Smith,  M.  D» 
Daniel  Charles  Solander,  LL.IX 

Acad.  R,  Halm.  &  MUrit*  Spt.  R.  LmnJU 
GptM.  GedaM^  &  Nai.  ScruUU*  Bmlimm 
SociuSf  Acad,  R^Pmf^  Cwrt^ 

Philip  Earl  Stanhopb.. 
Edward     Stanley,  Efq.  F.  A.  Si. 
The  Rev.  Henry  Stcbhing^  D.D^ 

F.  A.  S. 
Philip  Stephens,-Efq.  M.P.F.  A.S., 

Secretary  to  the  Admiralty* 
Mr.  Robert  Sterling. 
The   Rev.    Matthew   Stew^^ 

D*  D.  Prof  Math,  Edinb. 
John  Strange,  Efq.  Am  Majejiy*^ 

Refdent  at  Venice,  F.  A.  S.. 

Iiifiit.  Bc9»m,See^ 

James  Stuart,  Elq,  F.A. S»- 
Charles  Earl  of  Sorr  y,F.A.S* 
The  Rev..  Philip  Van  Swmden,. 

M.A-- 
The  Rev.  Sidney  Swihney,  D.D.. 

F.  A»  Sk 


Sir  John 
Mlchaet 


Taylor,  Bart,F.A.S4. 
Ttlghe,  M.  D. 

Sir 


H  OM  E    M  EM  BE  R  3. 

Sir  Noah  Thomas,  Knt.  Fhyfi^  \  George  Earl  of  WARWici^ 


cian  to  bis  Majefiy. 
Benjamin      Tbompfoti,  Efq. 

John  Earl  of  Til  net* 
John         Topham,  Efq,  F.  A.S. 
Marmadiike  Tonftal,  Efq.  F.  A.  S. 
John  Turton,  M.D.  Phjipcianto 

her  Majejift  Houjbold. 
Eichard        Twiis,  Efq. 
Thomas       Tyrwhitt,  Efq. 

Vb,  Tbomu  V^. 

Rodolph  de  Valltraven,  Efq. 

Ralph  Earl  Vernbt,  M.  P. 
John  Earl  of  Upper  Ossort, 

M.P. 
John        Upton,  Eiq*  F.  A.  S. 

Mr.  Waiiam  Wales,  Majier  of 
tbe  Mathematical  School  in 
Chrif^s  mjpital. 

"hk,  George  Walker. 

James  Walker,  Efq. 

Hon.  Horatio  Walpble. 

John         Walih,  Efq.  F.  A.  S. 

Thomas  Lord  Walsingham. 

Edward"  Waring,  M.  D.  Prof,  of 
Math,  Camb. 

Kichard  Hill  Waring,  Efq. 

Mr.  Jofepb  Warner. 


F.  A.  S.         ^ 
Mr.  Henry  Watfon. 
James  Watfon,  LL.D. 

Jonathan      Watfon,  Efq. 
The  Rev.  Richard  Watfon,  D.D. 

Regius  Prof.  Dh.  Camb.  ^ 
William  Watfon,  M.  D.  Tnifi, 

Sr.Maf. 
Wdliam  Watfon,  Jun.  M.  D. 
Sir  John    Webb,  Bart.  F.  A.  S. 
Waiiam       Webber,  Efq. 
George  Samuel  Wegg,  Elq. 
Hon.  Thomas  Francis  Wenman; 
Robert     Wefion,  Eiq,  F.  A.  $» 
Mr.  Charles  White. 
Thomas       White,  Efq. 
Mr.  John     Whitehurft. 
Thomas       Wilbraham,  M»  Dl 
John  Wilkes,  Efq.  M.  P.  Chants 

berlam  of  the  Gty  ofLoHden, 
Ifracl  Wilkes,  Efq. 

JohnWiUdnibn,  'iA.'D.sJLGHuCtr^ 
Ralph  WUlet,  Efq.  F.  A.  S. 
Mr.  Dionysus  Williams. 
Sr  Edward  Wihnot,  Bt.  Pi^Jt- 

cian  to  his  Majefty, 
John  Wilmot,  ECj. 

Mr.  Benjamin  Wil£)n,  b^.M,Petr» 

.  Stc. R,Vff,^ -Injl, :B«im,Soe. 

B  2  William 


HOME    M 

William      Windham,  £fq. 
Edward  Earl  Winterton. 
John  Winthrop,,  Efq*. 

Sk  Clifton  Wintringham,   Bt. 

Thyfician,  to  hk  Majefty. 
Mr.  George  Witchell,  Mqfter  of 

the  Royal  Academy  at  Partf^ 

mouth. 
Nath.  Matthew.  Wolf,-M^  D. 

The  Rev.  Francis  WoUafton, 

LL.  B. 
The  Rev*  George  Wollafton^ 


.no 


E  M  B  E  R  S. 

Thomas       Wood,  Efij.     • 

Rt.  Hon.  Sir  Rich;  Worflej^Bt. 

F^A..S.M.P.. 

Mr.  Peter     Woulfei 

Daniel  Wray,    Efq.  F.  A.,  S. 

Trufi..  Br,  Muf^ 

Richard.       Wright,  M.  D... 

William.      Wright,  M.  P, 

Mr.  John     Wyatt. 

The  Rey.  William.  Wyatt,  M.  A. 

Hon.  John  YorlEe,  M.  P: 
^^UA  Yomig,  E(q... 
Sir  WiUiam  YAimg^  ftut. 


•w 


FOREIGN.    MEMBERS..    .  . 

D.  Michael  Adanfon,  Reg.  Sc.  Acad.  Pan  S$c. 

J).  Joh.  BaptifU  Alhertini^  PrinceJ^s  Sanfeverinuu 

D.-Joh.,d'Alembert,  Reg.  Sc.  Acad  Parif^(S  Berolin.  Soc^ 

D..  Joh.Nic.  Sebaft.  Allamand,  PA/7.  Prof.  Lugduno-Batav^. 
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X  Natural  Uijlory  and  Defcriptian  of  the  Tyg?r-cac  of  the 
Cape  6f  Good  Hope.  ^  John  RcioboWForfter,  LL.D» 
F.R.aMdjt,S, 


Read  November  9.  178(1; 

FEW  tribes  of  quadrupeds  have  in  Africa  more  reprefenta- 
rives  of  their  different  fpecies  than  rfiat  of  the  Cat.  The 
genus  of  Antelopes,  may  perhaps  be  excepted,  fince,  to  my 
knowledge,  about  twenty  different  Gbazeh  and  j^nUhpes  are  to 
be  met  with  in  Africa ;  but  no  more  than  about  eight  or  nine 
of  the  Cat  tribe  have  hitherto  been  difcovered  on  that  c<mtinent. 
However,  I  know  about  twenty-one  different  fpecies-  of  thi."* 
VoL.X;XXI.  B  great 


i  Dr.  MRSTER's  Hiftory  and  Defcrlption  of 

great  clafs ;  and,  I  fuppofe,  thefe  by  no  means  exhauft  this 
numerous  tribe. 

The  greater  and  more  numerous  the  different  genera  of  ani- 
mals are,  the  more  difficult  it  muft  be  to  the  natural  hijftorian 
properly  to  arrange  the  whole  of  fuch  an  extenfive  divifion  of 
animals,  efpecially  if  they  are  not  equally  well  known.  Ta 
form  new  genera,  in  order  to  difpofe  and  arrange  them  under, 
IS  a  remedy  which  increafes  the  evil,  inftead  of  curing  it.  The 
beft  method^  therefore,  which  can  be  devifed,  is  to  make  great 
divifions  in  each  genus,  comprehending  thofe  Ipecies  which,  oa 
account  of  fome  common  relation  or  charafter,  have  a  greater 
affinity  to  one  another.  The  genus  of  Cat,  to  which  the  ani- 
mal belongs  we  are  going  to  fjDeak  of  more  at  large,  ofiers  three 
very  eafy  and  natural  Cub-divifions.  Thtjirji  comprehends  ani- 
mals related  to  the  Cat-tribe,  with  long  hair  or  manes  on  their 
necks ;  fecondfy^  fuch  as  have  remarkable  long  tails  without  any 
marks  of  a  mane  on  their  necks ;  Iqfifyj  fuch  as  have  ar  brufii 
of  hair  on  the  tips  of  their  ears,  and  fliorter  tails  than  the  fe- 
cond  fub-divifion.  The  firft  might  be  called  in  Latin  Feles 
jubata ;  the  fecond  fub-divifion  (hould  be  named  Mlures  ;  and 
the  third  and  kft,  Lynces.  To  the  firft  fub-divifion  the  Lion 
and  the  hunting  Jeopard  or  Indian  Cbittab^  belong.  The  fe- 
cond fub-divifion  confifts  of  the  T^yger^  the  Panther^  the  Leo^ 
fard^  the  Ounce^  the  Puma^  the  Jaguar-etCj,  the  Jaguara^  the 
Oeeloty  the  Gingy  of  Congo,  the  Marakaya^  the  Tyger-cat  of 
the  Cape  or  the  ^i^/f  of  Congo^  the  Tibetan  Tygmr-cat  which  I 
faw  at  Peterlburg,  the  common  Bujh-cat  of  the  Cape ;  and, 
laftly,  the  wild  Catj  and  its  domeftic  varieties.  To  the  third 
divifion  belong  the  Lynx^  the  Caracal^  the  Serval^  the  Buj 
l^fnXf  and  the  Gbaus  of  i^rofefTor  oulpekstsdt. 

Since 
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Since  It  is  quite  foreign  to  my  purpofe  to  fpe^k  of  thofe  {per- 

cies  which  are  known  already  to  the  naturalift,  I  confine  myfelf 

to  that  fpecies  only  which  hitherto  has  been  imperfeflly  knowa 

to  naturalifts. 

The  firft  notice  we  had  of  the  Cape  Cat  is,  in  my  opinion, 
to  be  met  with  in  i.abat*s   Relation  Hj/iorique  de  rEthiopie 
occidentaUy  tom.  I.  p.  177.  taken  as  is  fuppofed  from  Father 
CARAZzi.     i-ABAT  mentions  there  the  ^Nfuffi^  a  kind  of  wild 
Cat  of  the  iize  of  a  Dog,  with  a  coat  as  much  ftriped  and  varied 
as  that  of  a  Tyger.    Its  appearance  beipeaks  cruelty,  and  its  eyes 
fiercenefs ;  but  it  is  cowardly,  and  gets  its  prey  only  by  cunning 
and  infidious  arts.    All  thefe  charaAers  are  perfedly  applicable 
to  the  Cape  Cat,  and  it  feems  the  animal  is  found  in  all  parts  of 
Africa,  from  Congo  to  the  Cape  of  Good  Hope,  in  an  extent  of 
country  of  about  eleven  degrees  of  latitude,  kolbe,  in  his  Prefent 
State  of  the  Cape  Good  Hope ^  vol.  11.  p.  127.  (of  the  Englifti 
edition)  fpeaks  of  a  Tyger  Bujh-cat^  which  he  defcribes  as  the 
largeft  of  all  the  wild  Cats  of  the  Cape-countries,  and  is  fpot- 
tcd  fbmething  like  a  Tyger.     A  fldn  of  this  animal  was  feen  by 
Mr.  PENNANT  in  a  furrier's  fliop  in  London,  who  thought  it 
came  from  the  Cape  of  Good  Hope ;  from  this  Ikin  Mr.  pen- 
nant gave  the  firft  defcription  which  could  be  of  any  utility 
to  a  natural  hiftorian  *.     All  the  other  authors  mention  this 
animal  in  a  vague  manner.     When  I  and  my  (on  touched  the 
fecond  time  at  the  Cape  of  Good  Hope  in  the  year  1775,  an 
animal  of  this  fpecies  was  offered  me  to  purchafe ;  but  I  rrfufed 
buying  it  beaaufe  it  had  a  broken  leg,  which  made  me  apprehen- 
five  of  lofing  it  by  death  during  the  paflage  from  the  Cape  to 
London.     It  was  very  gentle  and  tame.     It  was  brought  in  a 

♦  ?»NNANT*9  Synopfie  of  Qgadrupeds^  p.  i8i,  firft  edit. 
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bnlket  to  my  apartment,  where  I  kept  it  above  four  and  twenty 
hours,  which  gave  me  the  opportunity  of  defcribing  it,  and  of 
6bferving  its  manners  and  oeconomy  5  as  it  did  to  my  fon  that 
of  making  a  very  accurate  drawing  of  it. 

After  a  moft  minute  examination*  I  found  its  manners  and 
oeconomy  perfeSly  analogous  to  thofe  of  6ur  domeftic  Cats.  It 
ate  f refh  raw  meat,  and  was  very  much  attached  to  its  feeders- 
and  benefeftors  :  though  it  had  broke  the  forc-lejg  by  accident^ 
it  iieverthelefs  was  very  eafy.  After  it  had  been  fcvcral  times 
fed  by  me,  it  foon  followed  me  like  a  tame  favourite  Cat.  It 
liked  to  be  ftroked  and  carefled ;  it  rubbed  its  head  and  back 
always  againft  the  perfon's  cloaths  who  fed  it,-  and  defiled  to  be 
made  much  of.  It  purred  as  ovir  domeftic  Cats  do  when  they 
are  pleafed.  It  had  been  taken  when  quite  ydiing  in  the  Woods^ 
and  was  not  above  eight  or  nine  months  old  ;  I  can,  however> 
pofitivcly  aver,  having  feen  many  (kins  of  full-grown  Tyger- 
cats  *,  that  it  liad  already  very  nearly,  if  not  quite,  attained  its. 
full  growth.  I  was  told,  that  the  Tyger-cats  live  in  moun- 
tainous and  woody  tra^s,  and  that  in  their  wild  ftate  they  are 
very  great  deftroycrs  of  Hares,  Rabbits,  Yerbuas,  young  An** 
telopes^  Lambkins,  and  of  all  the  feathered  tribe*. 


DESCRIPTIO  FELIS  CAPENSIS. 

Felis  Cauda  fub-elongata,  annulata ;  corpore  fulvo,  fupra  ma- 
culis  virgatis  infra  orbicularibus,.  auriculis  nigris,  macula^ 
lunata  alba«^ 

*  Thefe  fkins,  with  fcvcral  others  of  rare  and  non-dfefcript  animals,  I  bought? 
at  a  very  confidcrable  cxpcncC|  and  depofitcd  in  the  firitiib  Mufeuoi,  that  yaiuablt 
aational  rcpofitoiy  of  artificial  and  natunl  curiofitics^ 
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*^^^*     i-A8A*r  Ethiopic.  Occident,  torn.  L  p.  177. 

Tyger  Bofcb-katttn.     kolb£  Cape  of  Good  Hope,  vol.  IL 
p.  127.  (Engl,  edit.) 

€apeH:at.    pennan*  Syn.  QuadrUp.  p.  i8r.  (i ft  edit.) 
Corpus  magnitudine  Felts  Cati  fylvejiris  vel  paulo  majus'.     In 
genere  fupra  colore  pallide  fulvo,  fubtus  e  cinereo  albo,  ma^ 
culis  atri^. 
fPili  apice  pallide  fulvi,  bafi  albi.) 

OfutR^rs  Inagis  acutOy^quam  F«  Cati^  albo;  in  labio  fupe* 
riore  propc  angtilum  ridlus  macula  orbiculata^  nigra.  Narts 
nudasy  atra?..  Myjlaces  plurium  ordinum  in  labio  fuperiore  et 
fupra  oculos  validac,  albas  et  fulvae.  OcuU  figura  fere  trian* 
gull  ^haerici,  latere  anteriore  perpendiculari ;  Irldes  flavae.. 
Pupilla  orbicularis,  diurna  (nee  ut  in,  F.  Cato  perpendiculari 
Tima  lemnifcata).  Lingua  retrofuni  aculeata^  Denies  acuti 
ut  in  cogeneribus* 
Linea  albida  utrinque  nafo  parallela,  ad  interiora  oculorunnu 

latera.     Linea  nigra  pauUulutn  convergens  a  cantho  ante-^ 

riore  xxulorum  defcendit  in  nafum  i^  alia  duce  nigra  fupra: 

eculos  infra  convergentes,   inque   frontem  afcendentes? 

praeterea  in  c^L^itc  punSla  et  lineola  nigra  plures  fparfae; 
Auricula  amplse,  longitudine  fere  capitis,  ovatas,  fubereftas^ 

intus  villofae,  ochroleucac;   extus  nigrac,  macula  lunata,, 

tranfverfa  alba..    Margo    exterior    iacculo    membranaceo* 

nudo,.  lobato.. 

C^r/i^  ovatum,  elegans^  'X/V;^^^r^  longitudinales  quatuorin^ 

cervice  inter  aurium  bafes  orfae,  in  Dorfo  interruptae ;  Supe-^ 

riora  laterum  ohiincnt  maculae  oblongae,  lineares,  obliquae^ 

hferiora  llzterum  maculis  rotundis  fparfis^   Abdomen  e  cinereo- 

alburn^  maculis  rotundis  parvis,  fparfis,  nigris^ 

^edesi 
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Pedes  omnes  Tupeme  fubfafciati,  extFcmitadbus  pnnftis  nnmero- 

fis,  nigris  coaiperfi.     Digitl  quinque  felini.     Ungues  modici, 

retradiles,  nigri. 
Cauda  attingit  bafin  tarii,  annulis  cinuter  oQui  vel  decern  nigris 

ciada. 

M    E    N    S    U    R    JE. 


Ab  apioe  roftri  ad  bajSn  canda: 

1 8  undae  ped.  Angl. 

Cauda           ... 

Caput  longum            ... 

AuriculaE  margine  exteriore 

Pedes  anteriores  a  cublto 

Pedes  poftici  (tarfi  fciUcet) 
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n^  Experiments  and  Obfemationt  on  the  Jjpecijic  Gravities  and 
attraSive  Powers  of  various  faline  Suhfiances,    By  Richard: 

■^  .  ft 

Kirwan..  Efa.  F.  R.  S^ 


R^ad  November  1 6,  1780; 

THE  doftrine  of  chymical  affinities  hath  of  late  received! 
great  iinprovements  from  the  labours  of  the  very  excel- 
lent Mr.  BERGMAN^  of  Upfal,.  and  the  ftill  later  refearches  o£^ 
Mr.  WEKT2EL  ;  but  the  order  of  thefe  attractions  has  hitherto 
been  ^e  only  point  attended  to  by  thefe  philofbphers,.  as  well  as 
by  moft  preceding  chymifts  :  for  I  know  of  none,  except  Mr. 
MoiVEAU  of  Dijon,  who.  has  thought  of  afcertaining  the  va- 
rious degrees  of  force  of  chemical  attradion,  by  which  one 
body  afls  on  various  other  bodies^  or  even  on  the  fame  body 
in  various  circumflances.    He  has,  however,  fo  ably  fhewn  the 
advantages  arifing  from  fuch  an  inquiry,  that  I  have  made  it 
theobje£l  of  my  attention^,  and  befl:owed  much  pains  on  it  for 
fbme  time  pad ;  and  have  been  thereby  enabled  to  determine, 
pretty  exaftly  the  proportion  of  the  ingredients  of  many  neu— 
tral  falts,  and  (he  fpecific  gravity  of  the  mineral  acids  in  theit 
pureft  flate,,  and  free  from  all  water.     The  principles  on  whichi 
thefe  determihations  are  founded  are  the  following. 

I  ft.  That  the  fpecific  gravity  of  bodies  is  as  their  weighty 
divided  by  the  weight  of  an  eqpal  bulk.of  rain  or  dif^illed .  wa^^- 
ter,  this  being  at  prefent  the  ftandard  with  which  every,  others' 

body  18  compared. 

ad%. 
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2dly.  That  if  bodies,  fpecifically  heavier  than  water,  be 
weighed  in  air  and  in  water,  they  lofe  in  water  part  of  the 
weight  which  they  were  found  to  have  in  air ;  and  that  the 

•  9 

weight  fb  loft  is  juft  the  fame  as  that  of  an  equal  bulk  of  wa- 
ter, and  confequently  that  their  fpecific  gravity  is  equal  to  their 
weight  in  air,  or  abfolute  weighty  divided  by  their  lofs  of  weight 
in  water, 

^dly.  That  if  a  folid,  fpecifically  heavier  than  a  liquid,  be 
weighed  firft  in  air,  and  then  in  that  liquid,  -the  weight  it  lofes 
is  equal  to  the  weight  of  an  equal  volume  of  that  liquid  ;  and 
€onfequently  if  fuch  folid  be  weighed  firft  in  air,  then  in  water, 
and  afterwards  in  any  other  liquid,  the  fpecific  gravity  of  ffcis 
liquid  will  be  as  the  weight  loft  in  it  by  fuch  folid,  divided  by 
the  lofs  of  weight  of  the  fame  folid  in  water.  ^This  method  of 
finding  the  fpecific  gravity  of  liquids  I  have  found  much  more 
cxa£l  than  that  by  the  areometer,  or  the  comparifon  of  weights 
of  equal  meafures  of  fuch  liquids  and^water,  both  of  which  are 
fubjeft  to  feveral  inaccuracies. 

4thly.  That  where  the  fpecific  gravity  of  bodies  is  already 
known,  the  weight  of  an  equal  bulk  of  water  may  alfb  be 
found,  it  being  as  the  quotient  pf  their  abfolute  weight  divided 
by  their  fpecific  gravity.  This  I  (hall  call  their  lofs  of  weight 
in  water. 

Hence,  where  the  fpecific  gravity  and  abfolute  weight  of  the 
ingredients  of  any  compound  are  known,  the  fpecific  gravity  of 
fuch  compound  may  eafily  be  calculated  as  it  oughl:  to  be  inter- 
mediate betwixt  that  of  the  lighter  and  that  of  the  heavier,  ac- 
cording to  their  feveral  proportions  :  this  I  call  the  mathema^ 
ileal  fpecific  gravity.  But,  in  faft,  the  fpecific  gravity  of  com- 
pounds, found  by  adual  experiment,  feldom  agrees  with  that 
found  by  calculation,  but  is  often  greater  without  any  diminu- 
a  •  tion 
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tioa  of  the  lighter  ingredient.  This  increafe  of  denfity  muft 
then  arife  from  a  clofer  union  of  the  component  parts  to  each 
other  than  either  had  feparately  with  its  own  integrant  parts ; 
and  this  more  intimate  union  muft  proceed  from  the  attraftion 
or  affinity  of  thefe  parts  to  each  other :  I  therefore  imagined 
this  attraction  might  be  eftimated  by  the  increafe  of  denfity  or 
fpecific  gravity  and  was  proportionable  to  it,  but  was  foon  un- 
deceived. 

I  muft  alfb  premife,  that  the  abfblute  weights  of  many  forts 
of  air  have  been  accurately  determined  by  Mr.  font  ana,  at 
whole  experiments  I  was  prefent,  the  thermometer  being  at  ^^""^ 
and  the  barometer  at  29  i  inches,  or  nearly  fo.  Their  weights 
were  as  follows : 

Cubic  inch  of  common  air  •          ^jS^S 

Fixed  air  -             -            -             0,570 

Marine  air  -             •             -           0,654 

Nitrous  air  •             -             •         o>399 

Vitriolic  air  -             -             -            ^^71^ 

Alkaline  air  -             -          -           0,2 

Liflammable  air  -             -             0,03 


OF    SPIRIT   OF   SALT. 

From  the  time  I  firft  read  in  Dn  Priestley's  Experiments 
on  Air  (that  inexhauftible  fource  of  future  difcoveries)  of  the 
exhibition  of  marine  acid  in  the  form  of  air,  free  from  wa- 
ter; and  that  this  air,  reunited  with  water,  formed  an  acid 
liquor  in  all  refpefks  the  fame  as  common  fpirit  of  fait ;  I  con- 
ceived the  poflibility  of  difcovering  the  exadt  quantity  of  acid 
in  fpirit  of  fait  of  any  given  fpecific  gravity,  and  by  naeans  of 

Vol,  LXXI.  C  this 
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this  the  exa£t  proportion  of  acid  in  all  other  acid  liquors ;  for 
if  a  given  quantity  of  pure  fixed  alkali  were  fatarated,  firft  by 
a  certain  quantity  of  fpirit  of  fait,  and  then  by  determined 
quantities  of  the  other  acids,  I  concluded^  that  each  of  thefe 
quantities  of  acid  liquor  muft  contain  the  fame  quantity  of  acid^ 
and  this  being  known,  the  remainder  being  the  aqueous  part^ 
this  alfb  muft  be  known ;  but  this  conclufion  intirely  refted  on 
the  (uppofition  that  the  fame  quantity  of  all  the  acids  was  requi- 
fite  for  the  faturation  of  a  given  quantity  of  fixed  alkali ;  for 
if  fuch  given  quantity  of  fixed  alkali  might  be  fat u rated  by  ai 
fmaller  quantity  of  one  acid  than  of  another,  the  conclufion 
fell  to  the  ground.     This  point  might,  indeed,  be  in  Ibme  mea- 
fure  determmed  by  weighing  the  neutral  falts,.  formed  by  thefe 
acids,  when  thoroughly  dry ;  but  ftill  a  fource  of  inaccuracy- 
remained  :  for  if  they  were  expofed  to  a  confiderable  heat,  part 
of  the  acid  would  neceffarily  be  expelled,  and  more  of  one  acid 
than  of  another,  and  if  the  heat  were  not  confiderable,  much 
of  the  water  of  cryflallization  would  remain ;  fb  that  if  the 
weights  were  found  to  be  equal,  this  equality  could  not  be 
afcribed  to  equal  quantities  of  acid,  but  might  perhaps  arile 
from  a  fmaller  proportion  of  acid  in  one  of  them,  and  a  larger 
proportion  of  water,    and  in  another  from  a  larger  propor- 
tion of  acid  and  a  fmaller  proportion  of  water ;    and  if  the 
weights  were  unequal,  no  certain  conclufion  could  be  drawn. 
To  obviate  this  difficulty  I  ufed  the  following  expedient,     i  ft,  I 
fuppofed  the  quantities  of  nitrous  and  vitriolic  acids,  neceflary 
to  faturate  a  given  quantity  of  fixed  alkali,  exadlly  the  fame  as 
that  of  marine  acid  whofe  quantity  I  determined ;  and  to  prove 
the  truth  of  this  fuppofition,  I  obferved  the  fpecific  gravity  of 
the  fpirit  of  nitre  and  oil  of  vitriol  I  madeufe  of,  and  in  which 
I  fuppoied,  from  the  trial  with  alkalies^  a  certain  proportion  of 
1  acid 
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acid  and  water ;  I  then  added  to  theie  more  acid  and  water» 
and  calculated  what  their  fpecific  gravities  fhould  be  upon 
(he  above  fuppofition^  and  finding  the  refult  to  tally  with  the 
iu|^iition,  I  concluded  the  latter  to  be  exad. 

The  experiments  made  on  the  marine  acid  were  as  follows. 

I  took  two  bottles,  which  I  filled  nearly  to  the  top  with  dlf- 
tilled  water,  of  which  they  contained  in  all  1 399,9  gr.  and  in- 
troduced them  fuccefEvely  into  two  cylinders  filled  with  marine 
air,  which  I  had  obtained  from  common  fait  by  means  of  dilute 
oil  of  vitriol  and  heat,  in  a  mercurial  apparatus ;  and  this  pro- 
cefs  I  renewed  until  the  water  had  imbibed,  in  eighteen  days, 
about  794  cubic  inches  of  the  marine  air.  The  thermometer 
£d  not  rife  all  this  time  above  55%  nor  fink,  unlefs  perhaps  at 
night,  under  50^,  and  the  barometer  was  between  29  and  30 
inches.  This  water,  or  rather  fpirit  of  fait,  I  then  found  to 
weigh  1920  gr.  that  is  520,1  more  than  before.  The  quantity 
of  marine  air  abforbed.amounted  then  to  520,1  gr.  I  then  exa- 
mined the  ipocific  gravity  of  this  ipirit  of  ialt,  and  found  it  to 
be  1,225.  Its  lofs  of  weight  in  water  (that  is,  the  weight  of 
an  equal  bulk  of  water)  ihould  then  be  1567,346  gr.  nearly; 
but  it  contained  only,  as  we  have  (ttn^  1 399,9  gr.  of  water : 
therefore  fubtni(9:iug  thi?  from  1 567,346,  the  rem^der  (that  is, 
167,446)  muft  be  the  lofa  of  530,  i  gr.  of  marine  acid  i  and  con- 
iequently  the  fpecific  gravity  of  the  pure  marine  acid,  in  fuch 
a  condcnfed  ftate  as  it  is  in  when  united  to  water,  n^uft  be 

~-^=:  3,100.     But  ftill  it  might  be  fufpefted,  that  the  den- 

fity  of  this  fpirit  did  not  intirely  proceed  from  the  mere  denfity 
of  the  marine  acid,  but  in  part  alfo  from  the  attra£tion  of  this 
acid  to  water,  and  though  the  length  of  time  requifite  to  make 
water  imbibe  this  quantity  of  acid  made  me  judge  that  the 

C  2  attra£tion 
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attraftion  was  not  very  confiderable,  yet  the  following  experi- 
ment was  more  fati$fa£lory. 

I  expofed  1440  gr.  of  this  fpirit  to  marine  air  for  five  days, 
the  thermometer  being  at  50"*  or  under;  it  then  weighed  1 562 
gr.  and confequently imbibed  122  gr.  of  marine  air;  itsfpecific 
gravity  was  then  1,253,  which  agrees  exaftly  with  what  it 
ihould  be  by  calculation. 

N.  B.  I  have  not  repeated  the  whole  of  thefe  experiments,  as 
they  were  very  tedious ;  but  I  began  them  over  again-  feverat 
times  before  I  could  afcertain  with  any  precifion  the  quantity  of 
marine  air  abfbrbed,  as,  when  the  whole  of  a  cylinder  full  of 
air  was  abforbed,  it  was  difficult  to  ftop  the  bottles  fo  as  to  pre- 
vent any  mercury  from  falling  in ;  and  1  was  obliged  every  night 
to  fill  the  cylinders  with  air,  left  if  there  remained  but  afmall 
quantity  it  might  be  imbibed  before  morning,  and  the  mercuiy 
fall  into  the  bottles.  I  alfb  made  fbme  allowance  for  the  com* 
mon  air  which  I  could  not  avoid  letting  into  the  cylinder  with 
the  marine  air,  as  will  be  very  apparent  to  whoever  repeats  the* 
experiment. 

Being  now  fatisfied  I  had  difcovered  the  proportion  of  acid- 
and  water  in  fpirit  of  fait,  I  was  impatient  to  find  it  in  other 
acids  alfo ;  and  for  that  purpofe  I  took  1 80  gr.  of  very  ftrong^ 
oil  of  tartar  per  deliquiumj  but  of  whofe  fpecific  gravity  I  can 
find  no  note,  and  found  it  to  be  faturated  by  1 80  gr.  of  fpirit 
of  fait,  whofe  fpecific  gravity  was  1,225.  Now,  by  calcula*- 
tionit  appears,  that  180  gr.  of  this  Ipirit  contains  48,7  gr.  of 
acid  and  1 3 1 ,3  of  water,  and  hence  I  drew  up  the  following; 
table. 


Marine 


*<^ 
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The  fpecific  gravity  of  the  ftrongeft 
fpirit  of  fait,  made  In  the  ufual  way,  is,^ 
according  to  Mr..BAUME,  1,187,  ^^^  ^^" 
cording  to  Mr,  bergman,  1,190;  but 
^e  read  in  the  Paris  Memoirs  for  the 
year  1700,  p.  191.  that  Mr.  hombbrg 
palled  a  fpirit  whofe  fpecific  gravity  was 
1,300  ;  and  that  made  by  Dr.  priestley 
(fe&  vol;  III.  p*  2y^.)  mull  have  been L 
about  1,500. 

Hence  we  fee,  that  fpirit  of  fait,, 
whofe  Ipecific  gravity  is  1,261  or  lefs,. 
has  little  or  no  attraction  with  water,  and: 
therefore  attra^&  none  from  air,  and  on: 
that  account  does  not  heat  a  thermometer 
whefe  ball  is  dipped  in  it  as  fpirit  of  vi- 
triol and  fpirit  of  nitre  do,  as  has  lately 
been  obferved  by  the  Friendly  Society  of: 
Berlin. 

This  table  is  not  exaflly  accurate,  as 
I  had  not  in  this  fifft  experiment  found* 
the  point  of  faturation  as  nicely  as  was' 
requilite.  However,  I  have  not  correded* 
it,  as  the  error  is  but  fraall,  and  the 
proportion  may  at  any  time  be  found  by- 
calculation  ;  at  leaft  when  the  Ipecific- 
gravity  of  this  fpirit  does  not  exceed' 
^^^53*  Whether  the  mathematical  fpecific  gravity  and  that  by 
obfervation  difier  in  the  higher  degrees  of  Ipecific  gravity,  Ihave^ 
not  examined ;  but  the  table  is  formed  on  the  fuppofition  that* 

they  do  not. 

Common  i 


Marine 
acid. 

Water. 

Specific 

Gravity. 

Parts. 

Parte. 

SO 

i>497 

60 

r,43' 

70 

i,39< 

80 

1,341 

90 

1,308 

» 

100 

1,282 

no 

i>2S9 

I20 

1,246 

130 

1,223 

140 

1,209 

150 

i,iq6  ' 

• 

160 

1, 18s 

170 

>,i7S 

180 

1,166 

1  ^90 

1,158 

1  aco 

1,151 

I  210 

»,I44 

1  220 

i,»38 

48,7  /  230 

1. 13* 

240 

•    1,127: 

250 

1,122 

260 

i,ri8 

470 
280 

1,114 

, 

1,110. 

29O' 

1,106 

300 

».iQ3 

310 

,   i,ibQ 

320 

1,097 

330 
340 

1,091 

1,089 

3SO 

1,086 

-360 

1,084 

370 

1,082 

« 

380 

1,080 

390 

1,078 

400 

1,076 

• 

410 

1,074 
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Common  fpirit  of  fait  is  always  adulterated  With  vitriolic 
acid,  and  therefore  not  fit  for  thefc  trials. 

Intending  to  determine  by  this  experiment  the  proportion  of 
acid,  water,  and  fixed  alkali  in  digeftive  fait,  as  it  is  called,  I 
took  I  GO  gr,  of  a  folution  of  a  toleribly  ptire  vegetable  alkali 
that  had  been  three  tinaes  calcihed  to  whitenefs,  the  fpecifio 
gravity  of  which  folution  was  1,097.  I  alfo  diluted  the  fpirit  of 
fait  with  dii&rent  portions  of  water ;  the  fpecific  gravity  of  one 
fort  was  1,115^  and  of  arwther  1,098. 

I  then  found  that  the  above  quantity  of  the  Solution  of  a  ve- 
getable alkali  required  for  its  faturation  27  gr.  of  thatlpiritof 
fait  whofc  fpecific  gravity  was  1,098,  and  23,35  gr.  of  that 
fpirit  of  lalt  wbofe  fpecific  gravity  was  1,115.  Now,  27  gr.  of 
fpirit  of  fait,  whofe  fpecific  gravity  is  1,098,  contain  3,55  gr. 
of  marine  acid,  as  appears  by  calculation.  As  the  principle  on 
which  this  calculation,  by  which  the  proportion  of  fubftances 
in  alloy  is  £bund,  may  not  be  g!cnerally  known,  I  (hall  here 
mention  them  in  the  wordis  of  Mr.  coTSs. 

«  The  iiata  requifite  are  the  fpecific  gravities  of  the  mixture 
and  of  the  two  ingredients*  •  .  .  .  Then,  as  thedifference 
of  the  fpecific  gravities  of  the  mixture  and  the  lighter  ingre- 
dient is  to  the  difierence  of  the  fpecific  gravities  of  the  mix- 
ture and  the  heavier  ingredient,  fb  is  the  m^nitude  of  the 
heavier  to  the  magnitude  of  the  lighter  ingredient.  Then, 
as  the  magnitude  of  the  heavier  multiplied  into  its  fpecific 
gravity  is  to  the  magnitude  of  the  lighter  multiplied  into  its 
fpecific  gravity,  fo  is  the  weight  of  the  heavier  to  the  weight 
of  the  lighter  •  .  .  •  Then^  as  the  fiim  of  thefc  weights 
is  to  the  given  weight  of  either  ingredient,  (6  is  the  weight 
**  given  to  the  weight  of  the  ingredient  fbu^t,** 

Thusy 
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ThuSt  Ia  this  c^e,  1,09^^  1,000=:  ,098  is  the  magnitude 
of  the  heavier  ingredieat,  viz.  the  marine  acid ;  and,  098  x 
5,100  =  0,3038  the  weight  of  the  marine  acid;  and,  on  the 
other  hand,  3,100-- 1,09.8  f=  ^,002  the  magnitude  of  the  wa- 
ter, and  z,ooa  x  i/)oo=:  2,002  its  weight;  thefum  of  thefe 
weights  is  2,3058  :  then,  if  2,3058  parts  of  fpirit  of  fait  con- 
tain 0,3038  parts  acid,  27  gr.  of  this  fpirit  of  fait  will  contain 
3,55  acid. 

In  the  fame  manner  it  will  be  found,  that  23,35  gr.  of  fpirijt 
efialt,  whofe  ipeciiic  gravity  was  l^i  15,  contained  ^y^^  gr. 
acid. 

The  point  of  faturation  was  pretty  accurately  found  by  put- 
ting the  glais  cylinder  which  contained  the  alkaline  folution  on 
the  icak  of  a  very  (enfible  balance,  and  at  the  fame  time  weigh- 
ing the  acid  liquor  in  another  pair  of  fcales,  when  the  lofs  of 
weight  indicated  die  efcape  of  nearly  equal  quantities  of  the. 
fixed  air  contained  in  the  iblution  ;  then  the  acid  was  gradually 
addbd,  by  dipping  a  glafs  rod  into  it,  to  the  top  of  which  a 
(ioall  drop  of  acid  adhered :  with  this  the  folution  was  ftirred, 
and  very  fmall  drops  taken  up  and  laid  on  bits  of  paper  ftained. 
blue  with  radiih  juice«  As  foon  as  the  paper  was  in  the  lead 
Kddened,  the  operation  was  completed  io  that  there  was  always . 
a  very  fmall  excefs  of  acid,  for  which  half  a  grain  was  con- 
ftantly  allowed ;  but  no  allowance  was  made  for  the  fixed  air,^ 
which  always  remains  in  the  folution ;  but  as,  on  this  account,, 
only  a  fmall  quantity  of  the  alkaline  folution  was  ufed,  this, 
proportion  of  fixed  air  muft  have  been  inconfiderable. .  If  an, 
ounce  of  the  folution  had  been  employed,  this  inappreciable, 
portion  of  fixed  air  would  be  fufficient  to  caufe  a  fenfible  error : . 
for  I  judged  of  the  quantity  of  fixed  air  loft  by  the  difference^ 
betwixt  the  weight  added  to  the  100  gr«  and  the  aflual  weight: 

off 
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of  the  compound.  When  this  difFei^ence  amounted  to  2,2  gf. 
then  I  judged  the  whole  of  the  fixed  air  expelled,  and  found  it  to 
be  fo,  as  100  gr.  of  this  alkaline  folution,  beirfg  evaporated  to 
drynefs  in  a  heat  of  306%  left  a  refidiautir-which.  amounted  to 
I  of  gr. ;  which  io|  gr.  contained  2,2  gt.  of  fixed  air,  as  will 
hereafter  be  fcen. 

Hence  8,3  gr.  of  pure  vegetable  fixed -^kali,  free  from  fixed 
air  and  water,  or  10,5  of  mild  fixed  alkali,  were  faturated  by 
3,55  gr.  of  pure  marine  acid,  and  <:onfeqtiently  the  refulting 
neutral  fak  fliould,  if  it  contained  no  water,  weigh  11,85  gr. ; 
but  the  falts  refulting  from  this  union  (the  folution  being  eva- 
porated to  petfeft  drynefs  in  a  heat  of  1 60°  kept  up  for  four 
hours)  weighed  at  a  medium  12,66  gr.  Of  this  weight  11,85 
gr.  were  acid  and  alkali ;  therefore  the  reniainder,  1;^.  0,81  of 
gr.  were  water ;  therefore  100  gr.  of  perfectly  dry,  digeftive 
fait  contain  28  gr.  acid,  6^^^  water,  ^5,4  of  fixed  alkali. 

I  was  then  curious  to  compare  my  experiments  with  thofe 
inade  by  other?,  but  could  not  find  any  made  with  fufiicienC 
precifion  but  thofe  of  Mr.  HOMBfeRG  in  the  Paris  Memoirs  for 
1699.  However,  as  to  fpirit  of  fait  1  did  not  think  proper  to 
compare  them,  as  he  mentions  that  his  could  diflblve  gold,  and 
therefore  was  probably  impure, 

OF   SPIRIT   OF  NITRE. 

The  common  reddifh  brown  or  greenifli  fpirit  of  nitre  con* 
taining,  befides  acid  and  water,  a  certain  portion  of  phlogifton, 
and  being  alfo  mixed  with  fome  portion  of  the  acid  of  fea  fait, 
I  judged  unfit  for  thefe  trials,  and  therefore  ufed  only  the  de* 
phlogifticated  fort,  which  is  quite  colourlefs,  and  refembles  pure 
water  in  its  appearance.     This  pure  acid  cannot  be  made  to  exift 

in 
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in  the  form  of  air,  as  Dr.  priestley  has  fhewn ;  for  when  it 
is  deprived  of  water  and  phlogifton,  and  furnifhed  with  a  due 
proportion  of  elementary  fire,  it  ceafes  to  have  the  properties  of 
au  acid,  and  b^omes  dephlogiilicafied  air ;  I  could  not,  there* 
fore,  determine  itg  proportion  in  fpirit  of  nitre  as  I  had  done 
that  of  the  marine  acid,  but  was  obliged  to  ufe  another 
method. 

I  ft*  To  1963,25  gr.  of  this  fpirit  of  nitre,  whofe  fpcclfic 
gravity  was  1,419,  I  gradually  added  179,5  gr.  of  diftilled  wa* 
ter,  and  when  it  cooled  I  found  the  fpecific  gravity  of  this  mix^ 
ture  1,389. 

adly.  To  1984,5  gr.  of  this  I  again  added  178,75  gr.  of  wa* 
ter ;  its  fpecific  gravity  was  then  1,362. 

I  then  took  100  gr.  of  a  fblution  of  fixed  vegetable  alkali, 
whofe  Ipecific  gravity  was  1,097,  the  fame  I  had  before  ufed  in 
the  trials  with  fpirit  of  fait,  and  found  this  quantity  of  alkali 
to  be  faturated  by  1 1  gr.  of  the  fpirit  of  nitre,  whofe  fpecific 
gravity  was  1,419  ;  and  by  i2gr.  of  the  Ipirit,  whofe  (pecific 
gravity  was  11383^ ;  and  by  13,08  of  that,  whofe  fpecific  gra* 
vity  was  1,362.  The  quantities  here  mentioned  were  the  me* 
dium  of  five  experiments.  I  found  it  neceffary  to  dilute  the 
nitrous  acid  with  a  fmall  proportion  of  water,  of  which  I  kept 
an  account.  When  I  neglefled  this  precaution,  I  found  that 
part  of  the  acid  was  phlogiflicated,  and  went  oflf  with  the  fixed 
air.  Note  alfo,  that  after  each  affufbn  of  acid  ten  minutes 
were  allowed  to  the  matters  to  unite,  a  precaution  which  I  alfo 
found  abfblutely  necefTary. 

Hence  (upon  the  fuppofition  that  a  given  quantity  of  fixed 
vegetable  alkali  is  faturated  by  the  fame  weight  of  both  acids) 
we  fee  that  1 1  gr.  of  fpirit  of  nitre,  whofe  fpecific  gravity  is 
1 1419,  contahi  the  fame  quantity  of  acid  as  27  gr.  of  fpirit  of 
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fait,  whoife 'fpccific  gravity  is  1,098,  that-  is,  3,55  gr. ;  the 
remaiitder  of  11  gn  is  therefore  mere  water,  wss.  7,45  gr. ; 
confequently,  if  the  denfity  of  the  acid  and  water  had  not  been 
increafed  by  their  union,  the  fpecific  gravity  of  the  pure  and 
fnere  nitrous  acid  (hould  be  11,8729;  'for  the  fpecific  gravity 
of  this  acid  fhould  be  as  its  abfolute  weight  divided  by  its  lofs 
of  weight  in  water,  and  this  lofs  fhould  be  as  the  total  lofs  of 
thefe  1 1  gr.  minus  the  lofs  of  the  aqueous  part.  Now  the  total 

Iofs=:— —  =7,749,  and  the  lofs  of  the  aqueous  part  =7,45, 

and  confequently  the  lofs  of  the  acid  part  is  7,749  -  7,45  =3 
p,299,  and  therefore  the  fpecific  gravity  of  the  acid  part,  that 

is,  of  the  pure  nitrous  acid,  is  -^^^  11,8729. 

But  it  is  well  known,  that  the  denfity  of  the  nitrous  acid, 
as  well  as  that  of  the  vitriolic,  is  increafed  by  its  union  with 
water ;  and  therefore  the  lofs  above  found  is  not  the  whole  of 
its  real  lofs  in  its  natural  ftate  (if  it  could  be  fo  found),  but  partly 
the  lofs  that  arifes  from  the  denfity  that  accrues  to  it  from  its 
union  with  water :  for  fince  its  denfity  is  increafed  by  this  union, 
its  lofs  is  lefs  than  it  would  be  if  the  nitrous  acid  had  only  Its 
own  proper  denfity,  and  confequently  the  fpecific  gravity  above 
found  is  greater  than  its  real  fpecific  gravity. 

To  determine,  therefore,  the  real  fpecific  gravity  of  this  acid 
in  its  natural  flate,  the  quantity  of  accrued  dcndty  mufl  be 
found,  and  fubtrafted  from  the  fpecific  gravity  of  the  fpirit  of 
nitre,  whofe  true  mathematical  fpecific  gravity  will  then  ap- 
pear. I  endeavoured  to  effeft  this  by  mixing  different  portions 
of  fpirit  of  nitre  and  water,  remarking  the  diminution  of  their 
joint  volume  below  the  fum  of  the  fpaces  occupied  by  their  fe- 
parate  volumes ;  but  could  never  attain  a  fufficient  degree  of 

precifion. 
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preciiion.    The  following  method,  though  not  exaftly  accurate, 

I  foua(l  more  fatisfa(JiOry.  12  gr.  of  the  fpirit  of  nitre,  whofe 
fpecific  gravity  by  obfervatlon  was  1,389,  contained  as  I  fup* 
pofed  from  the  former  experiment  "^^^^  gr.  of  acid,  and  8,45 
of  Walter;  then  if  thefpecific  gravity  of  the  pure  nitrous  acid 
were  11,872,  the  Specific  gravity  of  this  compound  of  acid  and 
waterihouldbe  1,371-,  for  the  lois  of  3,55 gr. acid  fliould  beo,29o, 
and  the  lofs  of  the  water  8,45  ;  the  fum  of  the  lofles  8,749. 

g —  —  i>37i;  bi^*>  as  I  already  faid^  the  fpecific  gravity  by 

obfervatloii  was  1,389,  therefore  the  accrued  denfity  in  tliis 
cafe  was  atleaft  ,01 8,^  the  difference  betwixt  1,389  and  1,371. 
Kviy  at  leqfij  for  as  the  fpecific  gravity  11,872  was  certainly 
too  high,  the  lofs  of  3,55  gr.  acid  was  certainly  tdo  fmall; 
and  if  it  were  greater,  the  mathematical  fpecific  gravity  1,371 
would  have  been  ftill  lower.  However,  ,018  is  certainly  a  near 
approximation  to  the  degree  of  denfity  that  accrues  to  ^^^^ 
gr.  acid  by  their  union  to  7,45  gr.  of  water,  and  differs  hiconfi- 
derably  from  the  truth,  as  will  appear  by  the  fequel :  therefore 
fubtrafting  this  quantity  from  1,419  we  have  nearly  the  mathe- 
matical fpecific  gravity  of  that  proportion  of  acid  and  water, 
namely,  i  ,40 1 .     And  fince  1 1  gr.  of  this  fpirit  of  nitre  contain 

3,55  gr.  add  atnd  7,45  of  water,  its  lofs  of  weight  fhould  be 

I I 

—  tz  7,855,  and  fubtrading  the  lofs  of  the  aqueous  part  from 

this,  the  remaiader  0,405  is  the  lofs  of  the  3,55  gr.  acid^  and 
confequently  the  true  fpecific  gravity  of  the  pure  and  mere  ni- 
trous acid  is  -^^=8,7654:  this  being  fettled,  the  mathema- 
tical fpecific  gravity  and  true  increafe  of  denfity  of  the  above 
matures  will  be  found-  Thus  the  'mathematical  fpecific  gra- 
vity of  12  gr.  of  that  fpirit  of  nitre,  whofe  fpecific  gravity  by 
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obfervation  was  1,389,  muft  be  1,355,  fuppofing  it  to  contain 
3,55  gr.  acid  and  8,45  of  water ;  for  the  lofs  of  3,55  gr.  acid  is 

g?^  =  0,405,  and  the  lofs  of  water  8,45  ;  the  fum  of  thefe 

lofles  is  8,855.  Then,  ^jri  =  i  jSSS^  ^^^  confequently  the  ac- 
crued dcnfity  is  1,389  -  1,355  =  ,034.  In  the  fame  manner  it 
will  be  found,  that  the  mathematical  fpecific  gravity  of  13,08 
gr,  of  that  fpirit  of  nitre,  whofe  fpecific  gravity  by  obfervation 
was  1,362,  muft  be  1,315,  and  coniequently  its  accrued  den« 
fity  ,047. 

But  the  whole  ftill  refts  upon  the  fuppofition  that  each  of 
thefe  portions  of  fpirit  of  nitre  contain  3,55  gr.  of  acid.  To 
verify  this  fuppofition,  I  could  think  of  no  better  method  than 
that  of  examining  the  mathematical  fpecific  gravities  of  the 
firft  mixture  I  had  made  of  fpirit  of  nitre  and  water  in  large 
quantities ;  for  if  the  mathematical  fpecific  gravities  of  thefe 
agreed  exaftly  with  thofe  of  the  quantities  I  had  fuppofed  in 
fmaller  portions  of  each,  I  could  not  but  conclude,  that  the 
fuppofitions  of  fuch  proportions  of  acid  and  water,  as  I  had 
determined  in  each,  was  juft ;  and  that  this  was  the  cafe  will 
appear  by  the  following  calculations. 

I  ft*  When  to  1963,25  gr.  of  fpirit  of  nitre,  whofe  fpecific 
gravity  was  1,419,  i79>5  gr*  of  water  were  added,  the  quan- 
tity of  acid  upon  the  above  fuppofition  fhould  be  6^^^^^  gr.  j 

for  ::  II  •  ^.fSS  ••  ^9^3»^5  •  ^34»53  •  the  quantity  of  water  in 
thofe  1963,25  gr.  of  fpirit  of  nitre  fhould  then  be  1328,72,  and 
after  adding  179,5  gr.  of  water,  the  whole  quantity  of  acid 

and  water  fhould  be  2142,75,  the  lofs  of  acid  was  g^^  = 

7 1 ,24,  and  the  fum  of  the  lofles  1 580,46 ;  then  the  mathematical 

fpecific 
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fpeclfic  gravity  fliould  be  ■  g^'  ^-  =  1,3555  which  is  exadly  the. 

fame-as  that  which  was  found  in  12  gn  of  thisfpirit  of  nitre, 
on  the  fuppofition  that  they  contained  3*55  gr.  acid. 

Again:  when  to  1984,5  gr.  of  this  mixture  1  added  178,75 
gr.  of  water,  the  whole  quantity  of  diluted  fpirit  of  nitre  was 
2163,25  gr.  and  the  quantity  of  acid  in  1984,5  gr.  was  587,081 
gr.  for  ff  12  .  3,55  ::  1984,5  .  587,081 ;  the  lofs  of  this  quan- 
tity of  acid  is  66,96  gr.  and  the  fum  of  the  loffes  of  acid 

and  water  is  1643,129  gr. ;  and  confequently  the  mathema- 

216^  7  c 
tical  fpecific  gravity  fhould  be    .     '       =  1,315,  which  is  the 

fame  as  that  determined  in  13,08  gr.  of  the  fame  mixture. 

By  continuing  thele  mixtures  until  I  found  the  mathematical 
fpecific  gravity  and  that  by  obfervation  nearly  to  coincide,  I  was 
enabled  to  draw  up  the  following  table,  in  which  if  any  errors 
be  found,  I  hope  they  will  be  excufed,  from  the  impoffibility 
of  avoiding  them  where  the  weights  muft  be  found  with  fuch  . 
extreme  precifion ;  the  two  firft  feries  were  only  found  by . 
analogy. 
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i>pirit 

Acid. 

Water. 

Accrued 

Mathema- 

Jipecific 

At  craft. 

Attraft. 

of 

dcnfity. 

tical  fpcciiic 

gravity  by 

of  the  acid 

ofwatcrtc 

nitre* 

»          .» 

Grs. 

• 

gravity. 

obfervaUon 

to  water. 

the  acid. 

Grs. 

Grs. 

9 

-    — 

5,45 

,000 

1,537 

1,537 

• 

-    - 

lO 

—    — 

6,45 

,009 

1,458 

1,467 

,009 

,054 

II 

—    — 

7.45 

,018 

1,401 

1,419 

,018 

,045 

12 

—    — 

8,45 

,034 

1,355 

1,389 

,027 

,036 

13,08 

—    — 

9,53 

,047 

*'3'5 

1,362 

,036 

,027 

«4,i5 

-    — 

10,6 

,051 

1,286 

1.337 

,04s 

,018 

1523 

—    -. 

11,68 

,054 

1,260 

1.314 

,054 

,009 

16,305 

-    - 

12,755 

>0S4 

1,238 

1,292 

,054 

,009 

17,38 

-    - 

13,83 

,051    - 

1,220 

1,271 

» 8,445 

—     — 

14.9 

,047 

1,205 

1,252 

19.53  ■ 

—    — 

15,98 

,044 

1,191 

1,235 

20,605 

—    — 

17,055 

-   ,042 

i,i8o 

1,222 

21,68 

-    - 

18,13 

,040 

1,177 

1,217 

22,755 

« 

19,205 

,038 

1,160 

^''§! 

23,83 

-    - 

20,28 

,036 

1,152 

1,188 

24.905 

^^_        ^^^  ♦ 

21,45 

.033 

1,144 

1,177 

26,17 

-    •. 

22,62 

,030 

1,132 

1,162 

27,34 

3>55 

23.79 

,027 

1,130 

1,157 

28,51 

24,96 

,026 

1,124 

1,150 

29,68 

_    — 

26,13 

•,024 

1,114 

1,138 

30,85 

* 

27,30 

,022 

1,113 

1,135 

32,02 

1 

28,47 

,020 

1,1,09 

1,129 

33,09 

29,54 

,018 

1,102 

1,120 

34,26 

—  — 

30.71 

,016 

1,101 

1,117 

» 

35,43 

—  •- 

31,88 

,014 

1,097 

I.III 

36,60 

-  - 

33.05 

,012 

1,094 

1,106 

S7.77 

—  — 

34,22 

,010 

1,090 

I,1C0 

l8,94 

-  - 

35.39 

,008 

1,088 

1,096 

40,11 

—  — 

^6,56 

,006 

1,085 

1,091 

41,28 

—  — 

37.73 

,004 

1,082 

1,086 

42,45 

-  - 

38,90 

,002 

1,080* 

1.082 

The  intermediate  fpecific  gravities  .may  be  found  by  taking 

an  arithmetical  mean  between  the  fpecific  gravities  by  obferva- 

tion  betwixt  which  that  fought  lies,  and  noting  how  much  it 

exceeds  or  falls  (hort  of  fuch  arithmetical  mean  ;  and  then  tak- 

1  ing  alfo  an  arithmetical  mean  betwixt  the  mathematical  fpecific 

.  6  gravities 
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gravities  betwixt  which  that  fought  for  muft  lie,  and  a  p:^.  n  • 
tionate  excefs  or  defe<3:. 

I  have  added  a  column  of  attra^^ion  of  the  lR<i;;ous  acid  to 
water  as  far  as  it  keeps  pace  with  the  increafe  of  denfity,  but 
no  farther,  as  I  am  unacquainted  with  the  law  of  its  further 
increale. 

The  fpecific  gravity  of  the  ftrongeft  fpirit  of  nitre  yet  made 
is,  according  to  Mr.  baume,    1,500;  and  according  to  Mr. 

BERGMAN,    1,586. 

I  next  proceeded  to  examine  the  proportion  of  acid,  water,* 
and  fixed  alkali  in  nitre,  in  the  fame  manner  as  I  had  before 
done  that  in  digeftive  fait,  and  found  that  100  gr.  of  perfeftly 
dry  nitre  contain  28,48  gr.  acid,  5,2  of  water,  and  66,32  of. 
fixed  alkali. 

I  flial}  now  compare  the  refult  of  thefe  experiments  with  *. 
thofe  of  Mr.  homberg. 

The  fpecific  gravity  of  the  fpirit  of  nitre  which  Mr.  hom- 
berg made  ufe  of  was  1,349  ;  and  of  this,  he  fays,  i  oz.  2  dr.  . 
and  36  gr.  that  is,  621  Troy,  are  requifite  to  faturate  i  French 
(oz,  472,5  Troy)  of  dry  fait  of  tartar;  according  to  my  com- 
putation 613  gr.  are  fufficient ;  for  this  fpecific  gravity  lies  be- 
tween the  tabular  fpecific  gravities  by  obfervation  1,362  aad 
1,337,  ^^^  ^^  nearly  an  arithmetical  mean  between  them.  The 
correfponding  mathematical  fpecific  gravity  lies  betwixt  the  ta- 
bular quantities  1,315  and  1,286,  and  is  nearly  1,300.  Now, 
the  proportion  of  acid  and  water  in  this  is,  2,629  pf  acid,  and 

8,765 

7,465  of  water;  for  -  1,^00  8,765  x  .300 

=  7,465  water  and  =  2,629  of  acid; 
and  the  fum  of  both  is  10,044.  Now,  fince  10,5  gr.  mild  ve- 
getable fixed  alkali  require  2^55  gr.  of  acid  for  their  faturation,  . 

472,5. 
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472,5  will  require  159,7;  therefore,  if  10,044  gr.  of  nitre 
contain  2,629  gr.  acid,  the  quantity  of  this  fpirit  of  nitre  re- 
quiiite  to  give  159,7  will  be  613,2  nearly,  and  hence  the  differ- 
ence betwixt  us  is  only  about  8  gr. 

2dly-  Mr.  hombejig  .fays,  he  found  his  fait,  when  evapo- 
rated to  drynefs,  to  weigh  186  gr.  more  than  before  ;  whereas, 
by  my  experiment,  it  fhould  weigh  but  92,8  gr.  more  than  at 
firft.  I  fliall  mention  the  caufe  of  this  difference  in  treating  of 
tartar  vitriolate,  for  it  cannot  be  intirely  attributed  to  the  dif- 
ference of  evaporation. 

3dly.  Mr.  homberg  infers,  that  i  oz.  (that  is,  472^5  Troy 
gr.)  of  this  ipirit  of  nitre  contains  141  gr#  Troy  of  real 
at:id:  by  my  computation  it  contains  but  123,08  gr.  of  real 
acid.  This  difference  evidently  proceeds  from  his  neglefting 
the  quantity  of  water  that  certainly  enters  into  the  compofition 
of  nitre;  for  he  proceeds  on  this  analpgy,        621  .  186,6  :: 

472,5  .141* 

The  proportion  of  fixed  alkali  I  have  affigned  to  nitre  is  fully 
confirmed  by  a  very  curiox|s  experiment  of  Mr.  FON tana's, 
inferted  in  rozier's  Journal  for  November  1778.  This  inge- 
nious philofopher  decompofed  2  oz.  of  nitre  by  diftilling  it  in  a 
ftrong  heat  for  eighteen  hours.  After  the  diftillation  there  re- 
mained in  the  retort  a  fubftance  purely  alkaline,  amounting  to 
10  French  dr.  and  12  gr.  Now  2  French  oz.  =  944  gr.  Ti:oy, 
and  the  alkaline  matter  amounts  to  607  gr.  Troy ;  and,  accord- 
ing to  my  computation,  944  gr.  of  nitre  fhould  contain  625 
of  alkali.  So  fmall  a  difference  may  fairly  be  attributed  to  the 
lofs  in  transferring  from  one  veflel  to  another,  weighing,  filter- 
ing, evaporating,  &c. 

Mr.  LAVOISIER,  in  the  Paris  Memoirs  for  the  year  1 776,  has 
given  us,  after  Dr.  pries tley,  the  analyfis  of  the  nitrous  acid. 

Ill 
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In  2  oz«  French  meafure  (  =  945  gr.  Troy)  of  fpirit  of  nitre, 
whofe  (pecific  gravity  was  1,3160,  he  diflblved  2  oz.  and  1  dr. 
of  mercury ;  the  quantity  of  air  obtained  during  the  folution 
was  190  cubic  inches  French  (  =  202,55  Englifh).  This  air  was 
all  nitrous.  There  remained  a  white  mercurial  fait,  which, 
being  diftilled,  afforded  12  cubic  inches  (=  12,785  Englifli)  of 
ar  mixed  with  red  vapours,  and  which  differed  little  from  com- 
mon air.  There  afterwards  arofe  224  cubic  inches  (=:  238,56 
Englifli)  of  dephlogifticatedair,  during  the  produdtion  of  which, 
the  mercury  was  almoft  revivified,  there  remaining  but  a  few 
grains  of  a  yellow  fublimate.  The  1 2  inches  of  air  mixed  with 
red  vapours  arofe,  he  fays,  from  a  mixture  of  36  cubic  inches 
of  nitrous  air  (  =  38,34  Englifli)  and  14  of  dephlogifticated  air 
(14,91  Englifh);  and  as  the  mercury  was  almoft  wholly  re- 
vived, he  concludes,  thefe  airs  arofe  from  the  nitrous  add,  and 
formed  It ;  and  hence  infers,  that  16  oz.  of  this  Ipirit  of  nitre 
(-  7560  gr.  Troy)  contained  13  oz.  7  dr.  364  gr.  (that  is,  6589 
gr.  Troy)  of  watcr^  and  confequently  only  971  gr.  Troy  of 
real  acid,  and  therefore  2  oz.  of  thi$  fpirit  of  nitre  contained- 
but  120  gr,  Troy  of  real  acid  :  but,  by  my  calculation,  2  oz. 
of  this  fpirit  of  nitre  contained  213  gr.  acid ;  for  its  ma* 
thematical  fpecific  gravity  is  1,265.  The  fame  weight  of 
add  will  alfo  be  found  in  it  by  computing  the  weight  of  the 
volumes  of  the  different  airs  he  himfelf  found  it  confift  of,  or 
atleaft  to  afford  bjrits  decompofition ;  for  202,55  cubic  inches 
of  nitrous  air  weigh,  by  Mr.  font  ana's  experiment,  80,8174 
gr.  Troy,  and  238,56  inches  of  dephlogifticated  air  weigh 
100,1952  gr.  Troy,  and  adding  to  thefe  the  weight  of  38,34 
inches  of  nitrous  air,  and  of  14,91  of  dephlogifticated  air, 
^vhich  made  the  12  cubic  inches  of  air  mixed  with  red  vapours, 
we  (hall  find  the  whole  weight  of  thefe  airs  to  be  202,181  gr. ; 
Vol.  LXXL  E  the 
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the  few  grains  wanting  of  2 1 3  gr.  may  be  accounted  Jfor  from 
the  abforption  of  the  water  in  which  he  received  the  airs,  and 
by  allowing  for  that  ftill  remaining  in  the  yellow  &blimate. 

OF    OIL   OF   VITRIOL. 

The  cmI  of  vitriol  I  made  ufe  of  was  not  perfedUy  dephlo* 
giilicated ;  but  though  pale  yet  a  little  inclined  to  red.  It  con- 
tained fome  whiti(h  matter,  as  I  perceived  by  its  growing  milky 
on  the  affufion  of  pure  diftilled  waten  How  far  this  may  alter 
the  refult  of  the  following  experiments  I  have  not  tried ;  but 
believe  it  to  be  as  pure  as  that  which  is  commonly  ufed  in  all 
experiments,  and  therefore  the  fitteft  for  my  puq)ofc. 

To  2519,75  gr.  of  this  oil  of  vitriol,  whofp  fpecific  gravity 
was  1,819,  I  gradually  added  180  gr«  of  diftilled  water,  and 
fix  hours  after  found  its  fpecific  gravity  to  be  1,771. 

To  this  mixture  I  agaid  added  1 7S,75  gr,  of  water,  and  found 
its  fpecific  gravity,  when  cooled  to  the  temperature  of  the  at-* 
piofphere,  to  be  1,719  ;  it  was  then  milky. 

I  then  faturated  the  fa<ne  quautijy  of  the  oil  of  tartar  above 
mentioned  with  e^ch  of  tbefe  forts  of  oil  lof  vitriol  in  the 
manner  already  mentioned^  aiid  found  the  fatuiration  to  be  ef- 
fe<9:ed  (taking  the  medium  of  five  experiments)  by  6,5  gr»  of 
that  whofe  fpecific  gravity  was  1,819;  ^7  ^^9^  S^*  ^^  ^^^^ 
whofe  fpecific  gravity  was  1,771 ;  afld  by  7,41  of  that  whofe 
fpecific  gravity  was  1,719. 

I  was^obliged  to  add  a  certain  proportion  of  water  to  each  of 
thefe  forts  of  oil  of  vitriol ;  for  when  they  were  not  diluted,  I 
perceived  that  part  of  the  acid  was  phlogifticated,  and  went  off 
with  the  fixed  air ;  but  knowing  the  quantity  of  water  that  was 
added,  it  was  eafy^  to  find,  by  the  rule  of  proportion,  the  quan- 
tity 
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iity  of  each  fort  of  oH  of  vitriol  that  was  taken  up  by  the 
alkali. 

Hence  I  fuppofed,  tkat  eacKof  thefe  quantities  of  oil  of  vi- 
triol of  different  denfities  contained  ^^^^  gr.  of  acid,  as  they 
feturated  the  fame  quantity  of  vegetable  fixed  alkali  as'i  i  gr.  of 
fpirit  of  nitre,  which  contained  that  quantity  of  acid. 

I  thea  endeavoured  to  find  the  fpecific  gravity  of  the  pure 
vitriolic  acid  in  the  lame  manner  as  I  before  had  that  of  the 
nitrous,  as  it  caionot  be  had  in  the'  (hape  of  air  unlefs  united  to 
fuch  a  quantity  of  phlogifton  ^5  quite  alters  iits  properties. '  The 
lofs  of  6,5  gr.  of  oil  of  vitriol,  whofe  fpecific  gravity  is  1,819 

is —-  =  3,572;  but  as  thefe  6^^  gr.  contained,  befides  3,55 

gr.  acid^  2,95  of  virater,  the  lofs  of  this  muft  be  fubtradted 
from  the  intire  lofs,  and  then  the  remainder  0,622  is  the  lofs  of 
the  pure  add  part  in  that  ftate  of  denfity  to  which  it  is  reduced 
by  its  union  with  water.     The  fpecific  gravity  therefore  of  the 

pure  vitriolic  acid  in  this  ftate  of  denfity  is  ^^  ^  S'?^?-     But 

to  find  its  natural  fpecific  gravity  we  muft  find  how  much  its 
denfity  is  increafed  by  its  union  with'  this  quantity  of  water  : 
and,  in  order  to  obferve  this,  1  proceeded  as  before  with  the 
nitrous  acid.  6,96  gr.  of  oil  of  vitriol,  whofe  fpecific  gravity 
was  1,771,  contained  3,55  gr-  acid,  and  3,41  of  water ;  then 
its  fpecific  gravity  by  calculation  fliould  be  1,726,  for  the  lofs 

of  ^y^^  gr.  acid  is  ^^  =  0622  ;  the  lofs  of  3,41  gr.  water  is 

3i4i;  the  fum  of  the  lofles  4,032.     Then,  -^^=17,261  ; 

therefore  the  accrued  denfity  is  if77i  -  1,726  =  ,045.  Taking 
this  therefore  from  i  ,8 1 9,  its  mathematical  fpecific  gravity  will  * 
^  ^774>  then  the  lofs  of  6,5  gr.  of  oil  of  vitriol,  whofe* 

E  2  fpecific 
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fpecific  gravity  by  obfervation  is  1,819,  ^^^^  ^  found  to  be 
— ^  =:  3,664 ;  but  of  this  2,95  gr.  are  the  lofs  of  the  water  if 
contains,  and  the  remainder  0,714  ♦  are  the  lofs  of  the  mere 
acid  part.  Then,  ^^  =  4,9649  is  nearly  the  true  fpecific  gra- 
vity of  the  pure  vitriolic  acid. 

I  then  found  the  true  increafe  of  denfity  arifing  from  the* 
union  of  the  vitriolic  acid  and  water  in  the  foregoing  mixtures,, 
and  obferved,  that  in  oil  of  vitriol,  whofe  fpecific  gravity  was- 
1,771,  it  was  0,84,  and  in  that  whofe  fpecific  gravity  was^ 
1,719,  it  waso,iao. 

To  obtain  a  fynthetical  proof  of  thefe  dedudions,  I  compared 
th6m  with  the  fpecific  gravities  of  the  firft  mixtures  I  had  made ; 
for  if  thefe  dedudlions  were  true,  the  mathematical  fpecific  gra- 
vities, and  the  accrued  d^nCitieSj  added  to  each  other,  (hould 
amount  to  the  fame  quantity  as  the  fpecific  gravities  by  obferva- 
tion ;  and  this  I  found  to  happen  very  nearly ;  for  in  the  firff 
experiment,  where  2519,75  gr.  of  oil  of  vitriol,  whofe  fpecific 
gravity  was  1,819,  were  mixed  with  i8ogr.  of  water,  that  oil 
of  vitriol  contained  by  my  calculation  1376,171  gr.  of  acid  and 
1143,597  gr.  of  water,  befides  the  180  gr.  of  water  that  were 

added  to  it,  the  lofs  of  the  acid  wa3   ■      '^  ■    =  277,^2.     The 

whole  quantity  of  oil  of  vitriol  was  2699,75  gr. ;  then  the 
fum  of  the  lofles  was  1600,81  ;  and  therefore  the  mathemati- 
cal fpecific  gravity  7^33^=  1,686  ;  to  which,  adding  ,084  the 
degree  of  accrued  denfity,  the  fpecific  gravity  by  obfervation 

•  By  miftake,  the  followSng  calculations  were  made  on  the  fuppofition  that  the 
toft  was  0,715;  the  dififercace  being  imn>aterial|  the  calculations  were  not 
repeated. 

I  ihould 
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Ihould  be  1,770,  which  wants  kfs  thaa  loooth  part  in  270O' 
of  being  juft. 

Again:  in  the  mixture,  whofe  fpecific  gravity  was  1,719 
the  f um  of  the  loffes  was  1779,549,  and  the  weight  of  the 
whole  2878,4,   the.  mathematical  fpecific  gravity  fhould  be 

'^  '^     =  t,6r7,  to  which  adding  o,i©o,  the  fpecific  gravity 

by  obfervation  fhould  be  1,717,  which  is  nearly  the  truth. 

By  continuing  thefe  mixtures  until  the  fpecific  gravities  by 
calculation  and  obfervation  nearly  coincided,  I  formed  the  fol- 
lowing table.  The  extra-tabular  proportions  ar£  to  be  fouglit 
in  the  manner  already  fhewn  y  the  two  firfl  fbries  were- formed^ 

Lj  ;.iuliigj. 
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Oil  and 

Acid* 

Water. 
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■piritof 
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gravity  by 

of  the  acid 

of  water  to . 

■ritriol. 

• 

gravity. 

obfervation 

CO  water. 

the  acid. 

Grs. 

Gi 

'S. 

Grs. 

5.58 

- 

— 

2,03 

,000 

2,032 

2,03'. 

,005 

0,140 

6,04 

— 

- 

2,49 

,005 

1,884 

1,8^9 

»045 

0,149 

6,5 

-» 

- 

2,95 

,045 

1.774 

1,819 

,084 

0,139 

6,96 

- 

— 

3,41 

,084 

1,687 

1,771 

0,100 

0,137 

7.41 

- 

— 

3,86 

0,100 

1,619 

1,719 

0,112 

0,129 

7,87 

— 

— 

4,3* 

0,112 

1,563 

1,675 

0,122 

0,122 

8.33 

— 

— 

4,78 

0,122 

1,515 

,1,637 

0,129 

0,112 

8,79 

- 

— 

5.24 

0,129 

1,476 

1,605 

0.137 

0,100 

9'aS 

— 

-. 

5.70 

0,137 

1,441 

1,578 

0,139 

,084 

9.71 

— 

— 

6,16 
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1,412 

1,551 

0)i49 

,045 

10,17 

— 

6,6? 

0,140 

1.385 

1,525 
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,005 

10,63 

- 

7,08 
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1.363 

1,502 
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- 

7.54 

0,132 

1.343 

1,475 

t 

^^^si 

— 

— 

8,00 

0,127 

1,32s 

1,452 

• 

12,01 

— 

^ 

8,46 

0,120 

1,308 

1,428 

12,47 

— 

— 

8,9a 

o,"3 
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1,294 

1.407 

i2>93 

— 

•^ 

9,38 

1,280 

1,386 

»3.39 

— 

- 

9.84 

0,100 

1,268 

1,368 

13.85 

- 

— 

10,30 

0,094 

1,257 

1,351 

i4.3» 

— 

- 

10,76 

0,088 

1,247 

1,335 

« 

14,77 

- 

— 

11,22 

0,83 

1,237 

1,320 

^i^'^l 

— 

- 

11,68 

,078 

1,228 

1,306 

'5,69 

3*55 

12,14 

>074 

1,220 

1,294 

0 

'6,15 

— 

— 

12,60 

,070 

1,212 

1,282 

16,61 

-. 

— 

13,06 

,066 

1,205 

1,271 

17,07 

- 

13.52 

,062 

1,199 

1,261 

>7.53 

- 

— 

13,98 

.059 
.056 

1,191 

1,250 

17,99 

- 

- 

i4>44 

1,187 

1,243 

• 

18,45 

- 

^ 

I4>90 

>053 

1,181 

1,234 

18,91 

«. 

— 

15.36 

»o5o 

1,176 

1,226 

»9.37 

^ 

— 

15,82 

>047 

1,167 

1,214 

19*83 

^^ 

— 

16,28 

,044 

1,166 

1,210 

20,29 

r   *" 

i- 

16,74 

.040 

1,162 

1,203 

20,7S 

^^ 

- 

17,20 

,038 

1,158 

1,196 

. 

21,21 

— 

— 

17,66 

»o35 

i,»54 

1,189 

I 

21,67 

— 

- 

18,12 

.032 

1,150 

1,182 

22,13 

— 

— 

18,58 

,029 

1,146 

i,>75 

22»59 

•^ 

- 

19,04 

,026 

»,»43 

1,169 

23*05 

- 

— 

i9>50 

.023 

1,140 

1,163 

23>5i 

^ 

- 

19,96 

,020 

>,i37 

1,157 

23»97 

— 

- 

20,42 

,018 

1,134 

1,152 

24*43 

- 

• 

'20,88 

,016 

1,131 

i,>47 

,24«89 

— 

- 

21,34 

,014 

1,128 

1,142 

- 

25*35 

- 

- 

21,00 

,012 

1,125 

1,137 

25,81 

- 

— 

22,26 

,010 

1,123 

1,133 
1,128 

26,27 

~ 

— 

22,72 

,008 

1,120 

26,73 

« 

— 

23,18 

,006 

1,118 

1,124 

27*19 
27*65 

- 

— 

23.64 

,004 

1,116 

1,120 

• 

- 

- 

— 

24,10 

,002 

1,114 

1,116. 
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and  attraSlhe  Powers  of  various  falme  Suhfiancesi       3 1 

The  fpecific  gravity  of  the  moft  concentrated  oil  of  vitriol 
yet  made  is,  according  to  Mr.  baume  and  bergman,  2,125. 

lafcert^uned  the  proportion  of  acid  water  and  fixed  alkali  in 
tartar  vitriolate,  as  before,  in  nitre  and  digeftive  fait.  I  found 
the  falts,  refulting  from  the  faturation  of  the  fame  oil  of  tar- 
tar, with  portions  of  cnl  of  vitriol  of  different  fpecific  gravi- 
ties, to  wdgh,  at  a  medium,  12,45  &*  ^^  ^^^^  weight  only 
11,85  g^*  ^^^^  alkali  and  acid,  the  remainder  therefore  was 
water,  viz.  0,6  of  a  grain ;  confequently  100  gr.  of  perfedly 
dry  tartar  vitriolate  contain  28,51  gr.  acid,  4,82  of  water,  and 
66,67  of  fixed  vegetable  alkali.  Note,  in  drying  this  fait  I 
tifed  aheat  of  240**  to  expel  the  adhering  acid  more  thoroughly*. 
I  kept  it  in  that  heat  a  quarter  of  an  hour. 

According  to  Mr.  homberg,  i  French  oz;  (or  472,5  gr. 
Troy)  of  dry  fait  of  tartar  required  297,5  gr.  Troy  of  oil  of 
vitriol,  whofe  fpecific  gravity  was  1,674,  to  faturate  it ;  but^ 
by  my  calculation,  this  quantity  of  fixed  alkali  would  require 
325  gr. :  a  difference  which,  confidering  our  different  methods 
of  determining  the  fpecific  gravity  of  liquids  (his  method, 
viz.  that  by  menfuration,  giving  it  always  lefs  than  mine)  the 
^fierent  deficcation  of  our  alkalies,  &c.  may  pafs  for  incon- 
fiderable. 

The  refulting  fait  weighed,    according  t6  Mr.   homberg,, 
i^2  gr.  Troy  above  the  original  weight  of  the  fixed  alkali ; 
but  by  my  experiment  it  Ihould  weigh  but  87,7  gn  more ;  for 

H  10,5  .  12,45  '•  472'5  •  56^52*  ^'  ^^  ^^^^  ^^  ^^y  ^^  ^^* 
Romberg  could  find  this  great  excefs  of  weight  both  in  nitre 
and  tartar  vitriolate,  unlefs  he  meant  by  the  original  weight  of 
^he  fait  of  tartar  the  weight  of  the  mere  alkaline  part,  diflirrft 
f^m  the  fixed  air  it  contained :  and  indeed  one  would  be 
tempted  to  think,  he  did  make  this  diftindlion ;  for  in  that 
6  ^afe 
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rafer  tlae  excefs  of  weight  will  be  very  nearly  fuch  as  he  deter- 
mined it:  for  -r.  10,5  .  8,3:1472,5  .  373,3.    Now,  the  whole 

V- 

weight  of  his  nitre  was  560,2,  as  I  have  above  (hewn :  then 
560,2  -  373,3  =  1 16,9,  which  is  only  4  gr.  more  than  he  de- 
termined it.  * 

Hence  lie  inferred,  that  i  oz.  (472,5  gn  Troy)  of  this  oil 
of  vitriol  contains  291,7  gr.  of  acid.  By  my  computation  it 
contains  but  213^3;  but  it  muft  be  confidered,  he  made  no 
allowance  for  the  water  contained  in  tartar  vitrlolate,  and  ima- 
gined the  whole. of  the  increafe  of  weight  proceeded  from  the 
acid  that  is  united  in  it  to  the  fixed  alkali.  Now  the  aqueous 
part  in  560  gr.  of  tartar  vitriolate  amounts  to  37  gr*  the  re- 
maining difference  may  be  attributed  to  the  di£Ferent  degrees  pf 
deficcation,  &c. 


OF   THE    ACETOUS   ACID. 

I  have  made  no  experiment  on  this  acid  ;  but,  by  calculating 
from  the  experiment  of  Mr*  homberg,  I  find  the  fpecific  gra- 
vity of  the  pure  acetous  acid,  free  from  fuperfluous  water, 
ihould  be  2,130.  It  is  probable,  its  affinity  to  water  is  not 
ftrong  enough  to  caufe  any  irregular  increafe  in  its  denfity,  at 
leafl  that  can  be  expreffed  by  three  decimals ;  and  hence  its  pro- 
portion of  acid  and  water  may  always  be  calculated  from  its 
fpecific  gravity  and  abfolute  weights 

1 00  parts  of  foliated  tartar,  or  (as  it  (hould  rather  be  called) 
acetous  tartar,  contain  well  dried  32  of  fixed  alkali,  19  of  acid, 
^nd  49  parts  of  water. 

The  fpecific  gravity  of  the  ftrongefl  concentrated  vinegar  yet 
made  is  i  ,069. 

It 


and  attraSisve  Powers  of  vanous /aline  Subftancts.        3  j 

It  is  harder  to  find  the  point  of  faturation  with  the  vegetable 
than  with  the  mineral  acids;  becaufe  they  contain  a  mucilage 
that  prevents  their  immediate  union  with  alkalies,  and  hence 
they  are  cdmmonly  ufed  in  too  great  quantity^  They  (hould 
be  ufed  moderately  hot^  and  fufficxent  time  allowed  them  to 
unite. 

From  thefe  experiments  it  follows : 

ifl.  .That  fixed  vegetable  alkalies  take  up  an  equal  quantity  of 
tl)e  three  mineral  acids*  and  probably  of  all  pure  acids  ;  for  we 
have  feen^  that  8»3  grains  of  pure  v^etable  alkali  (that  is,  frea 
from  fixed  air)  take  up  3,55  gn  of  each  of  thefe  acids,  and  con* 
fequently  100  parts  of  cauflic  fixed  alkali  would  require  42,4 
parts  of  acid  to  faturate  them.  Now,  Mr*  bergmak  has 
found,  that  1 00  parts  of  cauftic  fixed  vegetable  alkali  take  up 
47  pnrtsof  the  aerial  acid,  which^  confidering  his  alkali  mighe. 
contain  ibme  water,  difiers  but  little  from  my  calculation.  It 
fliould  therefi^re  feem,  that  alkaUes  have  a  certain  determinate 
capacity  of  uniting  to  acids,  that  b,  to  a  given  wdght  of  iacid^ ; 
and  that  this  capacity  is  equally  fatiated  by  that  given  weight 
of  any  pure  acid  indifcriminately*  This  weight  is  about  2,35 
of  the  weight  of  the  vegetable  alkali. 

2dly.  That  the  three  mineral  acids,  and  probably  all  pure 
acids,  take  up  2,253  times  their  own  \yeight  of  pure  y^^g^tabfe 
alkali,  that  is,  are  faturated  by  that  quantity. 

3dly.  That  the  denfity  accruing  to  compound  fubftances 
from  the  union  of  their  component  parts,  and  exceeding  its 
mathematical  ratio,  increafes  from  a  minimum^  when  the  quan- 
tity of  one  of  them  is  very  fmall  in  proportion  to  that  .of  the 
other,  to  a  maximum^  when  their  quantities  differ  lefs;  but 
that  the  attraction,  on  the  contrary,  of  that  part  which  is  ia 
the  fmallefl  quantity  to  that  which  is  in  the  greater,  is  at  its 
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maximum  when  the  accrued  denfity  is  at  its  minimum^  but  not 
reciprocally ;  and  hence  the  point  of  faturation  is  probably  the 
maximum  of  denfity  and  the  minimum  of  ienfible  attraction  of 
one  of  the  parts.  Hence  ho  decompofition  operated  by  means 
of  a  fubftance  that  has  a  greater  affinity  with  one  part  of  a  com- 
pound than  with  the  other,  and  than  thefe  parts  have  to  each 
other,  can  be  complete,  unlefs  the  minimum  affinity  of  this 
third  fubflance  be  greater  than  the  maximum  affinity  of  the 
parts  already  united.  Hence  few  decompofitions  are  complete 
without  a  double  affinity  intervenes ;  and  hence  the  laft  portion 
of  the  feparated  fubftance  adheres  fb  obftinately  to  that  to 
which  it  was  firft  united,  as  all  chemifts  have  obfervcd.  Thus, 
though  acids  have  a  greater  affinity  to  phlogifton  than  the  earths 
of  the  different  metals  have  to  it,  yet  they  can  never  totally 
dephlogifticate  thefe  earths  but  only  to  a  certain  degree ;  fcx 
though  atmofpheric  air,  and  particularly  dephlogiflicated  air, 
attraiSls  phlogifion  more  ftrongly  than  the  nitrous  acid  does  ;  yet 
not  even  dephlogiflicated  air  can  deprive  the  nitrous  acid  totally 
of  its  phlogiflon,  as  is  evident  from  the  red  colour  of  the  nitrous 
acid  when  nitrous  air  and*dephlogiflicated  air  are  mixed  toge- 
ther. Hence  alfo  mercury,  precipitated  from  its  fcdution  in  any 
acid,  even  by  fixed  alkalies,  conflantly  retains  a  portion  of  the 
acid  to  which  it  was  originally  united,  as  Mr.  bay£t«  has 
fhewn  ;  lb  alfo  does  the  earth  of  allum,  when  precipitated  in 
the  fame  manner  from  its  folution ;  and  thus  feveral  anomalous 
decompofitions  may  be  explahied.  Indeed,  I  have  reafon  to 
doubt,  whether  mercury  does  not  attract  acids  more  ftrongly 
than  alkalies  attfaft  them. 

*  4thly.  That  concentrated  acids  are,  in  fome  meafurt,  phlo- 
gifticated,  and  evaporate  by  union  with  fixed  alkalies. 

S^hly. 


'  and  dttraStive  Towers  of  various  faline^uiftances.  35 
5thly.  That,  knowing  the  quantity  of  fixed  alkali  in  oil  of 
tartar,  we  may  determine  the  quantity  of  real  pure  acid  in  any 
other  acid  fubftance  that  is  difficultly  decompofed,  as  the  feda* 
tif  acid,  and  thofe  of  vegetables  and  animals;  for  10,5  gr.  of 
the  mild  alkali  will  always  be  faturatedby  3,55  gn  of  real  acid  : 
and  reciprocally,  the  quantity  of  acid  in  any  acid  liquor  being 
known,  the  quantity  of  real  alkali  in  any  vegetable  alkaline 
liquor  may  be  found. 


OF  THE  SPECIFIC  GRAVITY  OF  FIXED  AIR 

IN  ITS  FIXED  STATE. 

Being  defirous  to  know  the  fpecific  gravity  of  fbme  fub- 
ftances  which  are  difficultly  procured,  or  at  leaft  preferved  for 
any  time,  free  from  fixed  air,  fuch  as  fixed  and  volatile  alkalies, 
1  was  induced  to  feek  the  fpecific  gravity  of  the  former  in  its 
fixed  ilate  as  of  an  element  necefTary  to  the  calculation  of  the 
latter ;  it  being  very  evident,  that  its  denfity,  in  its  fixed  flate^ 
muft  be  very  different  from  that  whicl/  it  poileiles  in  its  fluid 
elaflic  flate. 

I  therefore  took  a  piece  of  white  marble,  of  the  purefl  kind, 
which  weighed  440^25  gr.  and  weighing  it  in  water,  found  it 
to  lofe  1 62  gn  ;  its  fpecific  gravity  was  therefore  2,7175. 

Of  this  marble,  reduced  to  a  fine  powder,  I  put  180  gr, 
into  a  phial,  and  expelling  the  fixed  air  by  the  dilute  vitriolic 
acid  and  heat,  I  found  its  quantity  amount  to  105,28  cubic 
inches ;  the  thermometer  being  at  65%  and  the  barometer  be- 
tween 29  and  30  inches,  this  bulk  of  air  would,  at  55*^  of 
FAHRENHEIT,  occupy  but  102,4  cubic  inclies ;  at  which  tem- 
perature,  according  to  the  experiment  of  Mr.  fontana,    a 

F  .2  cubio 
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cubic  inch  of  fixed  air  (the  barometer  being  at  29*^4 )  would 
weigh  0,57  of  a  grain;  therefore  the  weight  of  the  whole 
quantity  of  fixed  air  amounted  to  58,368  gr.  which  is  nearly- 
one  third  of  the  weight  of  the  marble.  At  this  rate,  1 00  gr* 
of  the  marble  contained  32,42  of  fixed  air. 

To  determine  the  proportion  of  water  and  calcareous  earth,, 
andalfo  the  fpecific  gravity  qf  this  latter,  I  put  3009,25  gr.  of 
the  fame  marble  finely  powdered  into  a  crucible,  kx)fely  covered  i 
the  crucible  and  its  contents,  before  calcination,  weighed  8394 
gr.  and  after  remaining  fourteen  hours  in  a  white  heat  I  found 
it  to  weigh  7067,5  gr.*  The  weight  of  the  crucible  alone  wa$ 
5384,75  gr. ;  therefore  the  weight  of  the  lime  fingly  was 
1 682,75  gr.  The  marble  then  loft  by  calcination  1326,5  gr;  ; 
180  gr.  of  the  marble  ihould  then  lofe  79,34?  g^-  and  100  gr. 
ihould  lofe  44,08  ;  but  of  theie  44,08,  32^42  were  fixed  air,  as 
is  already  feen,  therefore  the  remainder,  that  is,  11,66  gr. 
were  water,  and  the  quantity  of  pure  calcareous  earth  in  lOQ 
gr.  of  the  marble  was  55,92  gr. 

I  next  proceeded  to  difcover  the  fpecific  gravity  of  the  lime. 
Into  a  brafs  box,  which  weighed  607,65  gr.  and  in  the  bot- 
tom of  which  a  (mail  hole  was  drilled,  I  ftufied  as  much  as 
poffible  of  the  finely  powdered  lime,  and  then  fcrewed  the  cover 
on,  and  weighed  it  both  in  air  and  water.  When  immerfed  in 
this  latter,  a  confiderable  quantity  of  common  air  was  expelled ; 
when  this  ceafed,  I  weighed  it.  Therefult  of  this  experiment 
was  as  follows : 


Weight 


•»* 
Gn 

Weight  of  the  box  in  air  -  605^,65 

Its  lofs  of  weight  in  wafer       1      •;         •  73^75^ 

Weight  of  the  box  and  lime  in  air  1 043,5 

.  .Weight  of  tl^e  lime  ^ng^y  p  air:^  ^      -        435>85 1    '* 
Ix)rsofweigbtpf  theboxandligjLeii^LT^ater  .356,5  \ 

Lofs  of  weight  of  ttte  lime  fing^y         -     ^82,5 
Hence,  dividing  the  -abfoJute  weight  of  the  lime  by  its  lofg 
in  water,  its. fpecific  gravity  was  found  to  be  ^^^^oS*    , 

Frona,thefe  datf.l  deduced  thefpecific^avifyjof  fix^d  air  in 
its  fijed  ftate;  for  joo.gi:.  Qf  noarble  confift  of  55,92  of  eartli, 
32,42  of  fixed  air,  and  11,66  of  water;  and  th^  ipecificgra* 
vity  of  the  marble  15-2,717.  Now,  tljieipecific  gravity  of  the 
fixed  air,  in  its  fixed  flate,  is  as  its  abfblute  weight  divided  fay 
its  Iqfs  of  weight. iix  w^t^r ;  apd  its  1.q((s  of  .weight, in  water  is 
as  the  lofs  of  100  gr.  of  marble  mmui  the  lofTes  of  the  pure 
calcareous  earth  and  of  the  water. 


100 


Lofs  of  100  gr.  of  marble—  -r^^—  r:  36,8  gr, 

Lofs  of  55,92  gr.  calcareous  earth  ST  |5lg=  23,3^  gr. 
Lofs  oi  1 1,66  gr,  watct  =:  i.i,66 


.  't 


ZS^^S     ' 


Then  the  lols  of  the  fixed  air  36,8-35,05=:  1,75 ;  cenfe- 
quently,  its  fpecific  gravity  is  y^  =18,52;  by  which  it  appears 

to  be  the  heavieft  of  all  acids,,  or  even  of  all  bodies  yetknowi>^ 
gold  and  platina  excepted. 


OF 
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^     QF  FIXED- VEGETABLE  ALKALI. 

f 

As  the- manner  of  conducing  the  experiments  I  made  on  this 
fait  was  hearly  the  fame  as  that  I  ufed  in  the  foregoin;g  (except 
that  to  find  its  fpecific  gravity 'I  weighed  it  in  iether  inftead  of 
water),  I  Ihali  content  mylelf,  to  avoid  the  repetition  of  tedious 
calculation,  with  relating  the  refult  of  thefe  experiments. 
-  I  ft.  I  found  that  ioa  gr.  of  this  alkali  cohtain  about  6,7  gr. 
of  earth,  whichi,  acconiing  to  Mr.  bIekgm aW,  is  fi^^  thi& 

earth  pafles  the  filter  'with  it  when  the  aflcali  is  not  fatufated 
with -fixed  air,  fo*:  that  itfeemstobe  held  in  folution  z,%\xi  liquor 

JBicum.  ''""'.        \     ".  \y 

'^  2dly.  I  found,  that  the  quantity  of  fixed  air  in  oil  of  tartar 
and  dry!  vegetable  Bxed  alkali  is  variouls  at"  various  times  and 

>  in.  various  parcels  of  the  fame  fait ;  but  that  at  a  medium  ih'thfe 
purer  alkalies  it  may  be^  rated  at  2 1  gr.  in    1 00 ;  and  hence 

I  the  quantity  of  this  alkali  in  any  folution  of  it  may  be  very 

r  nearly  guefled  at,  by  adding  a  known  weight  of  a  dilute  acid  to 
a  given  weight  of  fuch  folution,  and  then  weighing  it  again  ; 
for  as  2X  is  to  1 00,  fo  is  the  weight  loft  to  the  weight  of  mild 
alkali  in  fuch  folution. 

The  fpecific  gravity  of  mild  and  perfedly  dry  four  times  cal- 
cined fixed  alkali^  free  from  filiceous  earth,  and  containing  21 
per  cent,  of  fixed  air,  I  found  to  be  Sf^S^J* 

When  it  contains  more  fixed  air,  its  fpecific  gravity  is  proba- 
bly higher,  except  it  were  not  perfectly  dry :  from  whence  I 

.  inferred  the  fpecific  gravity  of  this  alkali,  when  cauftic  and 

.  free  from  water,  to  be  4)234. 

6  From 


From  the  weight  of  the  aerial  acid,  in  its  fixed  ftate,  it  hap- 
pens, that  fixed  alkalies,  when  united  to  it,  are  Ipecifically 
heavier  than  when  united  either  to*  the  vitriolic  or  nitrous  acids*  . 
Thus  Mr,  R.  w:ktsow,  in  the  Phih  Tranf.  for  theryear  1770, 
p.  ^^y.  found  tlie  fpecific  gravity  of  dry  fait  of  tartar  (incliiding 
fiiiceous earth)  to  be  2,761  :  whereas  the  fpecific  gravity  of  tar-^ 
tar  vitrit)late  wa&  only  2,636,  and  that  of  nitre  ii,9^32.  The. 
rcafon  why  nitre  is  fomuch  lighter  than  tartar  vitriofeitej;  is,  be- 
caufe  it  contains  much  more  water,  and  jits  union  wjth  the. 
alkali  is  lefs  intimate.  ' 

LafWy^  I  have  drawn  up  a  table'oF  the  (Juanfity  of  rhild  al-  - 
kali,  containing  6jy  per.  cetif. [of  eartL  (whiqh-is  its  ufual  degree 
of  purity)  to  be  found  in  natural  br  artificial  foliations' of^  this  > 
alkali,  the  ^er member  at  63*^ ;  and  though  4t  is  not  quitfc  ac-!  - 
curate,  wantiixg  about  I, i  //r  r^«/.  of  the  truth,  yet,  I  pre-^  • 
fume,  icmay  be  found  ufeful^  asthis  error  is  eafily  corrected.  . 
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Table  of  the  contents  of  a  folution  of  mild  vegetable  alkali^ 
, .       .  .  according  to.  its  fpecific  gravity. 


<•' "    iGr.  ofilie  Gr.  of  I 
l-folution.  I  alkali* 


64»9« 
70,60 

76,4? 

•  81,96 

87,64 

93»3a 

99>oo 
104,68 

110,36 

"5^98 
1 2 1,66 ' 

'r*7'34' 
i33»02 
I38»7 

»4+»3 

149.98 

» 55.66 

»6i,34 

167,02 

172,70 

178,38 

184,06 

189,74 

» 95.42 

20I,I0 
206,78 
212,46 
218,14 
223,82 
229,50 

235. » 8 
240,86 

246,54 
252,12 

257,80 

263,48 

269,16 


5M*i^ 


26,25 


Gr.  of 
water.' 


-    - 


38*67 

44.35 

5®.oi 

55»7i 

61,39 
67,07 

72,7s 
78,43 
84.; « 

89.79 

95'»4 

101,15 

106,83 

»»«,5» 
118,19 
123,87 

»  29,5s 

»35.23 
140,91 

146,59 

152,27 

»57.95 
163,63 

169,31 

» 74.99 
180,67 

186,35 

192,03 

»97»7i 
203,39 

209,07 

214,75 
220,43 

226, I I 

23»>79 
237.47 
243.  H 


i 


Accrued' 
denftty. 


.050 
,040 

,048 

»047 
,046 

»045 
,044 

,043 
,042.1 

,041 

,640 

.039 
,038 

.037 
»036 

.03s 

.034 

.033 

»032 

.031 
.030 

,029 

,028 

,027 

,026 

,025 

,o?4 

»023 

,022 

0,21 

,020 

0,1 

,01 

0,17 
,016 

»oi5 
,014 


',t 


Matbema- 
tical  fpecific 
gravity. 


Specific 
gravity  by 
obfervation 


.445 


1, 

».393 
1 1356 

1.324 
1,297 

1.274 
i»2^4 

1,237 
1,223 
1,209 
1,198 

1,187 

1.178 
1,170 

1,162 

i.iSS 

M49 

1.143 

1,138 
1.132 
1,128 

1,123 

1,119 
1,115 

1,112 
1,108 

1.105 
1,100 

1,099 

1,097 

1,094 
1,092 

1,089 

1,087 

1,085 

1,083 

1,081 


1,495 
1,446 
1,404 

1,371 
1,343 

i.3'9 
1,208 

1,280 

1,265 

1,250 

1,238 
1,226 

I,2l6 

1,207 

1,198 
1,100 

1,183 
1,176 

1,170 

1,163 

1,158 

1,152 

1,147 
1,142 

1,138 

1,133 

1,129 

1,12J 
1,121 
1,118 
1,114 
1,111 
1,107 

1,104 
1,101 

1,098 
'.095 
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andattraBme  Powerj  of  Parlous  faKne  Subjiances.      4t 


Gr.  of  the 

Gr.  of     Gr.  of 

Accrued 

Mathema- 

Specific 

folution. 

alkali,     water. 

denfity. 

tical  fpecific 

eravity  by 
obfervation 

•   •  • .  t 

gravity. 

280,46 

•  •                * 

I   1 

248,83 
254,5 » 

1,079 
1,077 

1,092 
1,089 

286,14 

-        m. 

260,19 

,01 1 

1,076 

1,087 

291,82 

-         - 

265,87 

yClO 

*,074 

1,684 

»97»50 

-        - 

271,55 

yOOo 

1,070 

1,079 

303,18 
308,86 

..         — 

277,23 

1,069 
1,068 

1,077 

a6,a5 

282,91 

,007 

»»o75 

3*4»54 

» 

288,59, 

^9^ 

«,066  -r 

1,072 

319,22 

294,27 

\    ,<x)S 

t,o6.5 

1,070 

3«4.9o 

—    — 

300,45 

»oo4 

1,064 

1,068 

330»58 

306,13 

»003 

1,063 

1,066 

336»a6  - 

»    -. 

311,81 

,ooa 

1, 06a 

1,064 

341,94     -    -  1 

31749 

,00 1 

1,061 

1,062 

Impure  vegetable  fixed  alkalies/uch  as  pearl  aih,  pot  afhes,  &d 
contain  more  fixed  air,  as  appears  by  the  experiments  of  Dr«, 
L£wis*  Pearl  afh)  according  to  Mr.  cavsndish,  contains  28,4 
or  28,7  fer  qmt.  of  fixed  ain  Henoe  in,  lyes  of  equal  fpecific 
gravi^  i;ntb  thpfe  of  a  purer  alkali,  the  quantity  of  faline  mat* 
ter  will  be  more  probably  in  the  ratio  of  28,4  or  28,7  to  21 ; 
but  this  furplus  weight  ;s  only  fixed  air ;  and  hence  even  in  thefe 
fyes  the  quantity  of  depurated  fait  they  will  afford,  will  be  found 
by  the  above  table.  Much  alfo  depends  on  their  age^  the  oldeft 
COQtaining  nM>fi:  fixed  air. 
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III.  Account  tf-thr-vhient  Sft)rm  of  Zfgbtfifng-at"E^O[^hoMrn. 
in  Sufiex,  Spptj.  1^,^17 go;  fo/nw«»utf/fii/ ^ Owen  Saluf^jurj/r 
Brereton,,  E/q.  F.  R.  atift  A,  S. 


-    I         ' 
■  ■-.'    1         -       .    ■■- 

RiaJd'Dcpember  14,  1780. 


SIR, 

I  AM  defired  by  my  friend  an3  neigHlx)urfAMES  adair,  Efq* 
of  Soho  Square,  to  ^Communicate  to  you  an  account  of  the 
dreadful  accident'  which  happened  to  him  and  his  family  at  JEaft- 
bourn,,  in  the  county  of  Suflcx,  at  nine  o^clock  in  the  morning, 
on  Suilaay  the  Tev^tt^nth' o^  Sepfember  kft:'  He  rented  a- 
Koufe  which  flood  by*'itffelfjf'  built  of  various  fofts^of  ftone,' 
three  Tories  hi^h,  and  feeing  the  fea,  whiteh  was  ftfearly  Soirth* 
eaft  of  it.     The  morning  was  very  ftormy,  with  rain,  thunder, 
apcf  lightning  ;  and  juft  at  nine  o'clock  a  horrid  bkek  cjtoud  ap- 
peared, tJut  of  which  Mr.  adair  few  feverar  Satis  of  firedl'op' 
into  the  fea  fucceffively^  as  he  was  apprbaching  th^  window  ky 
^  one-pair  of  flairs  room ;  and  very  foon  after,  as  he  was  {land- 
ing at  it  wil:h  his  hands  clafped,  and  extended  open  againft  the 
middle  of  the  frame,  a  moft  violent  flafh  of  fire  ferced  his  hands^ 
afunder,  and  threw  him  fevei:al  yards  upon  the  floor  on  his 
back,  with  both  kis  legs  upright  in  the  air,  which  remained: 
long  fo  fixed..    He  was  very  feufible  of  his  fituation  all  the  time^ 
but  could  not  open  his  eyes  or  fpeak ;  nor  had  he  the  leafb 
power  of  motion  of  any  of  his*  limbs  for  a  long  time..    Oa 
3  '  .T        •  .     Itelp 


Mr,  vj^^^wx^v^^^Aecotrnt^of  a  Storm  of  Lightnings  &c    4a 

help  coming  in^  and  qcamining  hi^  cloaths,  which  were  blue 
cloth,  his  right  fleeVe,  both  qf  poat  and  waiftcoat,  and  alfo  flurt, 
were  all  torn  on  the  indde  of  the  arm  entirely  open,  as  if  by  a 
dog,  from  the 'ftioulde^*  to  the  wrift;  the  right-fide  of  the 
breeches  was  iorn  in  ttie  Time  ma,nner,  and  part  of  each  of 
the  brafs  buttons  pielted. 

He  had  m  Kis  fob  a*  gold  watch  with  a  fteel  chain;  the  biit- 
ton  which  opens  it  and  .three  other  places  of  the  cafe  were 
melted^  .  Th'Q  pendant  to  which  the  ch'ain  is  fixed- was-almoft 
melted  through,*  arid  miich  bf  thefte^l  chalrfft  hic6r|)0ratcd  with 
it,  as  is  reciprocally  lome  gold  on  that  ^art  of '  t5he  fteel  whi&h 
was  within  the  fob.  The  going  of  the  watch  Had  ftopped'in- 
fiantaneoully,  occafioned,  as  rit  firft  appeared  by  the-'fmaM 
pendulum' IpiraJ  fleel  {p ring  having  been  lengthened  ;»  not  that 
it  was'  abfolute^y  fb,  •  hiit  relat^Vefy,;  refpefHhg  thef  TcaftnienU  of 
the  watch,  the  feveral  inner  turiis  bei'rig  brought  cloftr together. 

His  right-arm,  right-fide,  and  th?gh,  were  miferabty  fc6tehed, 
and  the  flefh  torp  : .  the  foot  of  the'ftocking  of  his  right  leg  and  hw-. 
fhoe  were  torn  in  fe verai  places  "between  the  l>\itkle^6<i  tiie  tqc^ 
end  of  thp  (hoe,  ana>ne*of  his  toes  fplitalmoft'tbthebon'C.'j  hvt 
the  buckle,  which  was  abroad  filv6r  one,  was  not  thelcaft  hurt 
or  even  marked,  and  remdned  buckled  as  before.  His  fleeve^ 
button  of  gold,  in  which  was  platted  iiair'  cove^fed  with  -  cryftaJ, 
was  brokeji  from  its  link,  and  neither  haif  or  cfynai  have  been 
found  fince.  A  key  and  a  pert -knife  in  his  right-fidfe  brcecHes 
pocket  have  feveral  marks  of  fufion  upon  them!.  -      . .         •  ' 

The  frame  of  the  window  on  w^hich  Mr.  abair  was  lean.* 
ing  was  little  da!maged  ;  but  dvei-y^^ane  of  glafs  fo  completely 
fmaflied,  you  could  fcarcie' perceive  it  had  ever  had  glafs  in  it.  The 
room  was  ftuccoed  and  papered,  and  between  tlie  windows  hunga 
large  pier  glafs,  which,  with  much  of  the  ftucco,  was  (hivered  to 
pieces,  and  flrewed  over  the  floor.     A  door  oppofite  the  window 

G  2  was 
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was  (hattered  to  pieces,  and  the  pcffts  of  a  bed  in  a  room  behind 
it,  and  all  the  bell- wires  were  deftroyed. 

Under  the  dining-room  Mr.  ad  air  was  in,  on  the  parlour 
floor,  were  his  coachman,  butler,  and  footman.  The  coach- 
man  was  going  to  open  a  glafs-door  to  go  towards  the  lea,  and 
was  ilruck  *dead»  His  body*was  totally  black.  His  cloaths, 
and  the  caul  of  his  wig,  and  cravat,  Were  much  torn ;  but  no 
particular  flefti  wound  was  found.  The  enamelled  fiice  of  his 
j^lyer  watch  was  broken  to  pieces,  and  the  links  of  his  fteel 
jChain  failened  together. 

..  The  footman  was  dreffing  his  hair  near  a  window,  when  "he 
*was  thrown  dead  on  the  ground.    He  appeared  much  fcorched, 
bruifed^  and  black.    He  had  a  very  large  wound  in  his  fide 
which  penetrated  near  his  heart;  but  very  little,  if  any,  blood 
came  from  it.   His  buck-flun  breeches  were  much  torn,  and  the 
ileel  of  a  metal  knee-buckle  driven  through  them.  The  window 
iafli  was  driven  into  the  room,  and  a  ftone,  about  eight  inches 
Square,  forced  out  of  the  waU  into  the  middle  of  the  room, 
not  far  flt)mt  tjie  body.     The  butler  was  a  yard  or  two  behind 
the  coadiman,  and  going  out  with  a  telefcope  in  his  hand, 
^which  was  forced  in  pieces  from  him,  his  hat  and  wig  were 
.thrown  to  fome  diftance,  and  he  perceived  a  violent  preflure  on 
ohis  IfcuU  and  on  his  back,  but  was  no  otherwife  hurt.    He  had  s 
tfilver  watch  with  a  filver  chain,  which  received  no  damage. 

In  the  room  over  Mr.  adair's,  a  young  lady  was  drefling, 
•and  her  maid  attending.  They  were  both  driven  to  a  diftant 
^part  of  the  room,  and  rendered  ii>fen(ible  for  Ibme  time,  but 
.not  hurt.  The'pofts  of  the  bed  flie  had  juft  left  were  all  (hivercd 
to  pieces,  and  the  bell  wires  deftroyed,  and  the  chimney  thrown 

'  down  on  the  roof*  ^ 

•6  It 
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It  is  to  be  remaHced,  that  though  the  bodies  of  the  two  ler- 
vants  lay  unburjed  from  the  Suad?/  till  Tuefday,  all  thor 
limbs  were  as  entirely  flexible  as  thole  of  a  living  perfon. 

Multitudes  on  the  ihore  before  the  houfe  iaw  the  m^eor  dart 
in  a  right  Itiw  orer  their  heads,  and  bteik.  agaioft  the  front  of 
the  houie  in  difierent  direfticms,  and  aU  i^rood  the  form  and 
flame  was  exa^y  like  that  of  an  immenfe  iky-rocket. 


:  IV.  jiu  Jecount  pftU  Haymattan»  a  ^ngular,  African  Wind, 
. ;  .jBy  Matthew  Dobl^n,"  M'D*  'P»  ^'^^'  5  jcpmofmicaffdly  John 
J     :Fothergill,:MJP.;F.jJ.^.^    .  :  ,    .    / 
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Read  December  7,  lySo. 

THE  Harmattan  is  a  periodical  wind  which  blows  from 
the  interior  parts  of  Africa  towards  the  Atlantic  Ocean, 
and  poffeffes  fuch  extraordinary  properties,  as  to  merit  the  at- 
tention of  the  natut;alift,  making  a  curious  and  important  article 
in  the  hiftory  and  theory  of  the  winds. 

The  firft  information  I  had  on  this  fubjeft  was  from  my 
friend  Mr.  norris,  who  has  frequently  vifited  the  Coaft  of 
Africa,  and  is  a  gentleman  of  an  excellent  underftanding  and 
ftrift  veracity.  This  information  immediately  excited  my  at- 
tention ;  and  as  Mr.  norris  was  preparing  to  make  another 
voyage  to  that  part  of  the  world,  I  defired  him  to  confirm  the 
fafts  which  he  had  related,  by  further  inquiries,  experiments, 
and  obfervations ;  and  it  is  from  thefe  materials,  with  which  I 
have  been  obligingly  furniftied  by  Mr.  norris,  that  the  follow- 
ing account  is  drawn  up. 

On  that  part  of  the  Coau:  of  Africa  which  lies  between  Cape 
Verd  and  Cape  Lopez,  an  eafterly  wind  prevails  during  the 
months  ,of  December,  January,  and  February,  which  by  the 
Fantees,  a  nation  on  the  Gold  Coaft,  is  called  the  Harmattan. 
Cape  Verd  is  in  15''  N.  latitude,  and  Cape  Lopez  in  i*  S.  lati- 
tude, and  the  coaft  between  thefe  two  Capes  runs,  in  an  oblique 

direftion. 
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direction,  nearly  ftom  W.S.W.  to  E.S.E.  forming  a  range  of 
upwards  of  two  thoufand  one  hundred  miles.  At  the  Ifles  dc 
Los,  which  are  a  little  to  the  northward  of  Sierra  Leone,  and 
to  the  Southward  of  Cape  Verd,  it  blows  from  the  E.S.E.  on 
the  Gold  Coaft  from  the  N.E.  and  at  Cape  Lopez  and  the  River 
idabon  from  the  NJM.E.  This  wind  is,  by  the  French  and  Portu- 
gueze  who  frequent  the  Gold  Coaft,  called  limply  the  N.E. 
wind,  the  q^uarter  from  which  it  blows.  The  Engliih,  who 
lometiraes  borrow  words  and  phrafes  from  the  Fantee  language,, 
which  is  lefs  guttural  and  more  harmonious  than  that  of  their 

* 

neighbours,  adopt  the  Fantee  word  Harmattan. 
,  The  Harmattan  comes  on  indifcriminately  at  any  hour  of  the 
day,  at  any  time  of  the  tide,  or  at  any  period  of  the  Moon,, 
and  continues  fometimes  only  a  day  or  two,  fometimes  five  or 
fix  days,  and  it  has  been  known  to  laft  fifteen  or  fixteen  days. 
There  are  generally  three  or  four  returns  of  it  every  fealbn.  It 
blows  with  a  moderate  force,  not  quite  £b  ftrong  as  the  fea 
breeze  (which  every  day  fets  in  during  the  fair  fcafbn  from  th? 
W.  WJS.W.  and  S.W.)  ;  butfbmewhat  ftronger  than  the  land 
wind  at  night  from  the  N.  and  N*N.W. 

:i .  A  fog  or  haze  is  one  of  the  peculiarities  which  always  ac- 
companies, the  Harmattan..  The  gloom  occafioned  by  this  fog 
is  fo  great,  as  fometimes  to  make  even  near  objed:s  obfcure. 
The  Engliih  fort  at  Whydah  ftands  about  the  midway  between 
the  Freach  and  Portuguefe  forts,  and  not  quite  a  quarter  of  a 
mile  from  either,  yet  very  often  from  tlienpe  neither  of  tfie. 
other  forts  can  be  difcavered..  The  fun,  concealed  thegreateft 
part  of  the  day,  appears  only  about  a  few  hours  about  noon,,  and 
then  of  a  mild  red,,  exciting  no  painful  fenfation  on  the  eye. 

As  the  particles  which  conftitute  the  fog  are  depofited  on  the 
g;rafs,  the  leaves  of  trees,  and  even  on  tlie  (kin  of!  the  negrofes. 
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fo  as  to  make  them  appear  whitifli,  I  recoonnended  to  Mr. 

KORRis  the  ufe  of  a  good  microfcope,  as  this  might  poffibly 

difcover  fomething  concerning  the  nature  of  thefe  particles. 

"  I  was  prevented,"  fays  Mr.  norris,  "  by  the  bkd  'ftate  of 

*^  my  health  from  availing  myfelf  of  the  microfcope ;  neither 

♦*  could  1  difcover  any  thing  by  the  tjafte,  or  by  expoHng  plates 

**  covered  thinly  with  melaffes,  for  when  1  had  dropped  an  acU 

"  or  alkali  into  the  water  in  which  I  had  diifolved  the  meUffes* 

*<  nothing    followed  to   enable  me  to  judge  of  the  nature 

*'  of  the  particles.     Surely  they  cannot  be  infects,    or  ani- 

•*' malculae  of  infefts?    for  we  have   no  appearance    of  aijy 

•"  thing  produced  from  the  myriads  of  them  which  are  depofited 

^*  on  the  earth.     They  do  not  flow  far  over  the  furface  of  the 

'^'  fea:  at  two  or  three  miles  diftance  from  the  fhore  the  fog  is 

^*^  not  lb.  thick  as  on  the  beach ;  and  at  four  or  five  leagues  dif- 

^*  tance  it  is  intirely  loft,  though  the  Harmattan  Itfelf  is  plainly 

**  felt  for  ten  or  twelve  leagues,  and  blows  frefli  enough  to  alter 

•*  the  courfe  of  the  current.*' 

2.  Extrfme  drynefs  makes  another  extraordinary  property  of 

;  this  wind."   No  dew  falls  during  the  continuance  of  the  har- 

^  mattaa ;  nor  is  there  the  leaft  appearance  of  moifture  in  the 

atmofphere.     Vegetables  of  every  kind  are  very  much  injured ; 

all  tender  plants,  and  moft  of  the  produftlons  of  the  garden,  are 

-deftroyed;  the  grafs  withers,  and  becomes  dry  like  hay;  the 

. vigorous. ever-greens  likewife  feel  its  pernicious  influence;  the 

branches  of  the  lemon,   orange,   and  lime  trees   droop,  the 

\  leaves  become  flaccid,  wither,  and,  if  the  harmattan  continues 

:to  blow  for  ten. or. twelve  flays,  are  fo  parched  as  to  be  eafily 

;^rubbed  to  duft  between  the  fingers :  the  fruit  of  thefe  trees, 

*  deprived  of  its  nourifhment^  and  flinted  in  its  growth,  only 

;  appears  to  ripen,   for  it  becomes  yellow   and  dry,   without 

acquiring 
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acquiring  half  th6  vfoal  fize.    The  natives  take  this  oppor* 
tunity  of  the  extreme  drynefs  of  the  graft  and  young  trees  to 
fet  fire  to  them,  efpecially  near  their  roads,  not  only  to  keep 
thofe  roads  open .  t<i .  tt^y^er^,  but  to  deftroy  the  Shelter  which 
long  grafs,  ..and  thv^^it^  9f  young  trees,  would  afford  to  ikulk-* 
ing  parties  of  their  enemies*     A  fire  thus  lighted  flies  with  fuch 
rapidity  as  to  endanger  thofe  who  travel :  in  that  fituation  a 
common  method  of  efcape  is,  on  diicovering  a  fire  to  windward, 
to  fet  the  grafs  on  ^re  to  leeward,  and  then  follow  your  own  fire, 
There  are  other  extraordinary  efiedls.  produced  by  the  extretp^ 
drynefs  of  the  Harmattan.    The  covers  of  books,  Mr,  norris 
ui£)rms  me^  even  clofefy  ihut  up  in  a  trunk,  and  lying  among 
his  cloatb$,  were  bent  9b  if  they  had  been  expofe^  tp  the  fire, 
Hoolkdkl  fiiniituK  is  alio  muf:h  damped :  the.pannels  of  door^ 
and  of  wainfcot  ^Itt,  ai)d  any  veneered  work  flies  to  pieces^ 
The  joints  of  a  well^l&id  floor  of  feafoned  wood  open  fufli*» 
ciently  to  hf  .one's  finger  in  tbcnd  i  but  become  a^s  clofe  as  .be« 
foit  Qtt  the  ceafiog  of  the  Harmalt^n..   The  feams  alio  in  the 
fides  and  decks  of  Aips  ure  mufb  k^jiiared  and  become  yefj 
leaky,  diough  the  planks  are  two  dr  three  inches  in  thic/ nefs. 
Iron-bound  caiks  require  the  hoops  to  be  frequently  driven 
tighter;  and  a  cafk  afsniidor  bfandy,  wkh  wpod^.hoopsv 
can  fcarcely  be  pre&rved ;  ifoir,  yiilefe  a  peribn  att^ds  (a  keep 
it  moiftehedy  the  lioaps  fly  off.    :    .  .  .  ?       *     • 

The  parching  effefts  of  this  wind  arc  likewife  evident  on  the 
external  parts  of  the  body.  The  eyes,  noftrils,  lips,  and  pa- 
late, are  rendered  dry  and  uneafy,  and  drink  is  often  required, 
not  fo  much  to  quench  thirft,  as  to  remove  a  painful  aridity  in 
the^^r^j.  The  lips  and  nofe  become  fore,  and  even  chapped ; 
and  though  the  air  be  cool,  yet  there  is  a  trouble(bme  fenfation 
of  piickliog  heat  on  the  Iktn.    If  the  Harmattan  continues 
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four  or  five  days,  the  fcarf  Ikin  peels  off,  firft  from  the  hands 
and  face,  and  afterwards  from  tlie  other  parts  of  the  body,  if  it 
continues  a  day  or  two  longer.  Mr.  noeris  obferved,  that 
when  fweat  was  excited  by  exercife  on  thofe  parts  which  were 
covered  by  his  cloaths  from  the  weather,  it  was  peculiarly 
acrid,  and  tafted,  on  applying  his  tongue  to  his  arm,  fbme* 
thing  like  fpirit  of  hart^s-hoim  diluted  with  water. 

As  the  ftate  of  fait  of  tartar  placed  hi  the  open  air,  and  the 
quantity  evaporated  from  a  given  ftirfaceof  water,  are  obvious 
proofs  of  the  comparative  moifture  or  drynefs  of  the  atmofphere, 
I  defired  Mr.  norris  to  put  the  Harmattan  to  each  of  thefe 
tefts  ;  and  particularly  to  moiften  fait  of  tartar  i^^  deiiquiumj  and 
expofe  it  to  the  night  air  during  th^-  ti*rie  that  the  H^pniattan 
^vas  blowing.  The  follotv^ing  is  the  atcount  6(  the  refult  of 
thefe  experiments,  fealt  of  tartar  will  not  dnly  remain  dry 
during  the  night  as  well  as'ih'the  day ;  but,  when  liquified  fb  as 
to  run  upon  a  tile,  and  expoftd  to  the  Harmattan^,  becotnes  per- 
fe6Hy  dry  in  two  or  three* litdWsj'andi  expcxfed^iii' like  manner 
to  the  night  air,  will  bb  ^r^  before  mdrpitigv  ^  '  '. 

With  refpe<S  to  evaporation  Mr.  norris  fays,  "  I  fixed  the 
•*  tin  veflel,  with  which  you  favoured  me,  on  a  grals  plat 
v*^  .behind  my  hdufe,  upon  >i'fl:ahd  four: feet  high,  and  expofed 
^<  by  its  fit  nation  liioft  paWfef  theday  to  the  fim,  but  ihei** 
**  tered  in  fome  meafure  from  the  wiitdiby  the  htoufcJ^ 
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r.  Harmattan  began  to  blow  mode- 
l   ratcly.  * 

iHamattaii  ftUl  Mowing,. -bvt  mo4cntcIy, 
and  the  fog  not  confidmole. 
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^  dow'on  whkh  thpriiin  ne^er  came  atrtbaf^dlefl^^  gf  t^^e  year^' 
^'  as  it  had  a  bortk  ai|)ed^  and  wiiere  little  .refio^d:  heat  €aiQe« 
"  a  grafs  plat  being  before  it.  When  removed  into  thg  nfext; 
^^  room^  wiiicb  bad  lihrcie  windows  and  a  dbot'  openiBg:  ia,tQ  ^he 
^  parade,  the  theunometeo  ufindly  rofe  4.""  higher  thas  it  did  in; 
*^  the  wareHoufe ;  its  general  height  in  the*  room,  from  -one  to^ 
"  three  o'clock,  was  84^ 

*'  On  the  i4th6fX)ecember,  when  there  was  no  Harmattan, 
^•^  the  therixtbmeter  at  noon,  on  putting  ix  into  the  evaporating 
**  veflel,  rofe  to  a8^;!  on.  taking  it  i>ut>  it  funk  to  79s  whilft  thfi: 
^^  moifture  on  its  iiifa^fiscelwas  evaporating;  bUt  Qn  expq(ingiji 
"  five  minutes  to  th^(^,fun  it  rofe  to  I02^  On  the  fifteenth  of 
?*  I?ecember  the  thermometer,  expofed  to'  th^  wind  in   my 
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^^  room  window,  but  not  to  the  fan,  flood  at  noon  at  84* ;  at 
**  88''  in  the  evaporating  veflcl ;  funk  to  %c^  as  the  water  eva- 
^^  porated  from  its  furface ;  rofe  in  the  fun  in  fix  minutea  to 
^*  104"*;  and,  on  puttbg.it  into  the  water-jar  in  mjf  room^ 
<'  funk  to  76^" 

It  appears  from  the  preceding  experiments  made  by  Mn 
yoRRis,  that,  if  the  evaporation  ef  the  whole  year  be  fnppofed 
to  go  on  in  the  fame  proportiop  with  what  occurred  during  a 
fiiort  and  very  inoderate  reCurii  of  theHarmattan,  thg  annual 
Harmattan  evaporation  would  be  ;i 35 inches;  ^nd  if  the  calcu*^ 
ktion  was  made  in  proportion  to  the  evaporation  which  occurs 
during  a  longer  vifit  from  the  Harmattan,  and  a  mwe  forcible 
hreeze^  the  annual  HarmatMm  evapor^ion  woqld  be  mac&  more 
eonfiderable.  If  the  annual  eV^p^M-atio^  ;be  m  like  manner  calcu* 
lated,  in  proportion  to  the  cTajporatioK  whkh  took  place  fubfe^*' 
^uent  toand  preceding  the  Harmattasit  tbo  annual  evaporatioa 
at  Whydah  on  the  Gold  Coaft  would  be  64  xnchea,  and  I  have 
found  the  annual  ^vapontkut  at  jLaverpooi  to  i»  j6  soiches  *^ 
Thefe  three  th^refdre  att  in  the  faBowky .  proportion ;  Har- 
ttattui  133  inches,  Whychh  64  inches^  aird  Liverpool  36 

inches. 

As  the  names  of  diings  are  often,  derived  from  &meremarka«^ 
hie  property  in  th^  thing  denoted,  I  defired  Mr.  sromais  to  m^ 
^ire  into  the.  deri\^ation  of  the  word  Harmattan^  He  found  it 
to  be  a  corruption  of  jiberratnantabj  the  name  of  that  ieafen 
ki  which  this  wind  blows,  Aherramantah  is  compounded  of 
,/ibtrramanj  which  in  the  FanCee  language  fignifies  to  blow, 
a»d  taby  tallow  or  grealfe,  with  wMch  the  nadves  rub  their 
fluns  to  prevent  their  grooving  dry  and  rough;    . . 

*  Philofophical  Tranfai^as^  vol.  IJLVII.  p.  aca. 
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The  Harmattan  feafon  is  in  the  Dunco  language  called  Pi^ 
ftby  figntfying  a  drjr  and  rough  ikiri. 

3,  Salubrity  ixvoA  a  third  peculiarity  of  the  Harmattan*. 
Though  diis  wind  is  £b  very  prejucficial  to  vegetable  li&^  and! 
cccafioQS  fuch  difagreeable  parching  efied:s  on  the  human  ipe* 
ciesy  yet  it  i&  highly  conducive  to  health.  Thofe  labouring; 
under  ffiues  and  intermitting  fevers  get^erally  recover  in  aa 
Harmattan^.  Thofe  weakened  by  fevers,,  and  finking  under 
evacuations  for  the  cure  of  them,  particularly  bleeding,  which 
if  often  In^udicioufly  repeated,  have  their  lives  faved,  and  vigour 
reibted^  in  ipite  of  the  dodtor..  It  flops  the  progrefs  of  epide^ 
mics:  the  fmall^pox»  remittent  fevers,  &c.  not  onlydifappear^ 
but  thofe  labouring  under  thefe  difea&s  when  an  Harmattaa 
comes  on,  are  aknoft  certain  of  a:  fpeedy  recovery-  bifedioa 
appears  not  then  to  be  eafily  communicated  even  by  art*  In  the 
year  ijyo  there  were  on  board  the  Unity,,  at  Whydah^  above- 
500  flaves  ^  the  fmall^pox  broke  out  among  them,  and  it  was* 

to  inocnkte ;.  thofe  who  were  inoculated  before  the 
came  on  got  very  well  through  thedifeafe.    About 
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ferenty  were  inoculated  a  day  or  two  after  the  Harmattan  fet  in ; 
but  not  one  of  them  Jiad  either  fickne&  or  eruption*  It  was^ 
imagined,  that  the  in&£tion  was  efiedlually  diiperfed^  and  the 
flup  dear  of  the  (££M:der ;  but  ia  a  very  few  weeks  it  began  to> 
appear  among  thofe  feventy.  About  fifty  of  them^  were  inocu-» 
feted  the  fecond  time  ;  the  others  had  the  difeafe  in  the  natural 
way :  an  Harmattan  came  on„  and  thejr  all  recovered,,  except: 
one  g^l,  who  had  an  ugly  uteer  on  the  inoculated  part,  and: 
died  fbme  time  afterwards  of  a  locked  jaw..  The  great  falubrity,, 
and  the  power  of  checking  epidemics,^  are  fuch  extraordinary, 
properties  of  the  Harmattan,  that  I  defired  Mr.  norhis^  on  his^ 
next  voyage  to  the  Coafl,  to  afcertaia  thefe  points  by  further 

inquiriesi. 
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•  *        « 
inquiries.     ^*  I  have  not  much liew/*  fays  Mr.  norris,  *^  oa 

"  thefe  points,  fave  the  general  teftimony  of  the  natives  in  con- 
•*  firmation  of  what  I  have  already  communicated ;  and  that  I 
•^  had  been  very  ill  myfelf  far  nine  days  with  a  terfiittent  fever 
**  this  voyage,  of  which  I  recovered  immediately  upon  the  Har- 
**  mattan  beginning  to  bloW;  whether  from  the  medicines 
"  which  1  had  taken,  or  from  the  alteration  in  the  ftate  of  the 
**  atmofphere,  I  pretend  not  to  determine.  I  now  learned,  for 
'*  the  firft  time,  that  the  Harmattan  js  noted  for  contributing 
**  much  to  the  cure  of  ulcers,  as  well  as  cutaneous  eruptions/* 
Mr.  NOR  R  IS  is  forry  to  be  obliged  to  diflent  from  fo  refpeftable 
^n  authority  as  that  of  Dr.  lind,  who  fpeaks  of  the  Harmattan 
as  ^  fatal  and  malignant ;  that  its  noxious  vapours  are  deftruc* 
**  tive  to  Blacks  as  well  as  Whites;  and  that  the  mortality 
**  which  it  occafions  is  in  proportion  to  the  denfity  and  duration 
^'  of  the  fog.'*  The  baneful  effefts  here  pointed  out  proceed 
frpm  the  periodical  rains  which  fall  in  March,  April,  &c.  find 
which  are  ufliered  in  by  the  Tornadoes,  or  ftronggufts  of  wind 
from  the  N.E.  and  E.N.E,  accompanied  with  violent  thtinder 
iand  lightning,  and  very  heavy  fhowers.  The  earth  drenched 
by  thefe  (howers,  and  adted  upon  with  an  intenffe  folar  heat  as 
foon  as  the  ftorni  is  oyer,  fends  forth  fuch  noifome  vapours  as 
ftrike  the  noftrils  with  a  moft  ofFenfive  ftench,  and  occafion 
bilious  vomitings,  fluxes,  and  putrid  fevers.  Befides  thefe  va- 
pours, which  are  annual,  there  appears  to  be  a  coUeftion  of 
fHU  more  pcftiferous  matter,  confined  for  a  longer  time,  and 
ifluirig.from  the  earth  after  an  interval  of  five,  fix,  or  {^ytn 
Veafs.'  '***  Tlie.  periods,"  fays  Mr.  norris,  *'  which  I  remcm- 
^\  ber  to  have  been  tliiis  miarked,  were  in  1756,  whenGovemor 
**  MELViLL  and  moft  of  the  gentlemen  and  foldiers  at  Cape 
*»  Coaft,'  died ; -in    1763,    I'^t^t   and   I775.'   The  mortalit;^ 
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**  in  (bme  of  thefe  years,  for  they  were  not  all  equally  fatal, 
'*  was  fo  great  that,  as  Dr.  lind  fays,  the  living  were  fcarce 
"  fufficient  to  remove  and  bury  the  dead." 

It  is  to  be  obiervedy  that  there  may  be  inilances  in  which  th^ 
Harnxattan  comes  loaded  with  the  effluvia  of  a  putrid  marfh ; 
and  if  there  are  any  fuch  fituations,  the  nature  of  the  wind 
may  be  fo  changed  as  to  become  even  noxious. 

Another  inquiry  which  I  delired  Mr.  nor r is  to  make  re* 
fpeded  the  fource  of  the  Harmattan,  and  the  nature  of  the  foil 
over  which  it  blows.  It  appears  that,  except  a  few  rivers  and 
feme  lakes,  the  country  about  and  beyond  Whydah  is  covered  for 
four  hundred  miles  back  with  verdi^re, ,  open  plauxs  of  grafs^ 
clamps  of  trees,  and  fome  woods  of  no  confider^ble  extent. 
The  furface  is  fandy,  and  below  that  a  rich  reddifh  earth  ;  it 
xifes  with  a  gentle  afcent  for  one  hundred  and  fifty  miles  from 
the  iea  before  there  is  the  appearance  of  an^  till,  without 
affording  a  ftone  of  the  fize  of  a  walnut.  Beyond  thefe  hill* 
there  is  no  account  of  any  great  ranges  of  mountains. 

With  relpeft  to  the  origin  of  this  wind,.  Mr.  koaris  fays^ 
f*  the  Harmattan,  according  to  Dr.  jlind,  arifos  from  the  con* 
**  flux  of  feveral,  rivers  about  Benin ;  but  whea  I  was  oa  a 
"  vifit  to  the  King  of  Dahomey,  one  hundred  and  twenty 
**  miles  North,  or  inlaijd from, the  Fort  at  Whydah;  \  there 
"  felt  the  Harmattan  blowing  from  the  N.E.  ftronger  than  I 
*^  have  at  any  other  tinje,  though  Benin  thea  bore  from,  me 

On  this  head  Mr.  no&ris  piafces  the  following  eonjedure : 
"  The  interfe£bion  of  three  lines,  m%.  an  eaft  line  drawn  from 
"  Cape  Verd,  a  north-eaft  one  from  the  centre  of  the  Gold 
"  Coaft,  and  a  north  line  from  Cape  Lopez,  would,  I  thinks 
^"  point  out  a.  probable  fource  of  this  extraordmary  wind.'* 

Three 
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Three  lines,  drawn  according  to  the  direSion  of  Mr.  norris^ 
towards  the  points  of  the  compafs  from  which  the  Harmattan 
blows  on  Cape  Verd,  the  Gold  Coaft^  and  Cape  Lopez,  con- 
verge I  find  to  a  part  of  Africa  about  the  15th  degree  of  N* 
latitude,  and  the  25th  degree  of  £.  longitude,  which  I  a](b 
find  to  be  that  part  of  Africa  where,  according  to  ptolemy, 
the  mountains  of  Caphas  are  fitoated.  From  thefe  mountains, 
according  to  the  fame  authority,  the  river  Daradus  arofe,  fup- 
pofed  by  fome  to  be  now  the  river  Sen^al. 

It  may  be  conjectured,  that  l;he  difagreeable  Levant  wind  of 
the  Mediterrannean  proceeds  from  the  fame  part  of  the  Conti* 
fient  of  Africa ;  for  it  prevails  during  the  fame  ieafim  of  the 
jrear,  and  may  4ertve  ks  qualities  from  the  furface  over  which 
it  pafles. 

The  laft  article  of  Information  with  which  I  have  been 
favoured  by  Mr.  korris,  is  an  account  of  the  manner  in  which 
the  Fantee  nation  divide  their  yean 

Aherramantah,  from  the  i  ft  of  December  to  the  nuddk  of 
February,  about  10  weeks. 

Qoakorah,  a  wind  up  the  coaft,  from  S.S.W.  to  S.S.E.  from 
the  middle  of  February  to  the  firft  we^  in  March,  about  3 
iveeks^ 

Pempina,  or  Tornado  feaibn,  part  of  Mafch,  all  April,  and 
the  greateft  part  of  May,  about  i  %  weeks. 

Abrenama,  or  the  old  man^s  and  woman's  children,  that  is, 
the  Pleiades,  the  rairiy  feafbn,  the  latter  end  of  May,  all  June, 
land  to  abottt  the  20th  of  July,  8  weeks. 

Atukogan,  or  five  ftars,  that  is,  Orion,  high  wind  and 
iqually,    the  rsdns  very  heavy,   to  the  middle  of  Auguft,  3 

weeks. 

Worrobakorow, 
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Worrobakorou,  or  one  (hr,  the  ceafing  of  the  raius,  about: 
3  weeks. 

JVfawurrah,  the  name  of  a  certaia  ftar;  clofe,  fo^y  wea* 
ther  and  no  breeze,   the  ftrft  three  weeks  in  September. 

Boutch,  no  land  breeze  in  this  feafon,  the  mnd  blows  frelh 
down  theCoaft,  about  fix  weeks. 

Autiophi,  or  the  Croziers ;  Tornadoes  and  ibutherly  win^ 
with  fome  nun,  generallj  called  the  latter  rains,  about  four 
weeks*  to  the  beginning  of  December,  whea  the  Aherramaa* 
tahieafou  again  commences* 
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IHA VE  fbme  time  ago  been  led  to  think,  that  the  fcrew, 
which  of  all  the  mechanical  powers  is  the  moft  commonly 
employed  in  performing  motions  which  require  great  accuracy, 
might  be  applied  in  a  manner  which  would  better  anfwer  many 
intentions  than  that  conamonly  ufed.  The  plan  is  fomewhat 
fimilar  to  nonius's  divifion  of  the  circle ;  but  before  I  explain 
myfelf  farther  it  may  be  Jjrpp^r  talay  down  a  few  general 
rules  on  which  we  may  found  a  cocnparifon. 

The  perfedion  of  any  machine  confifts  in  accomplifliing  fhe 
end  propofed  in  a  manner  the  moft  effectual,  the  moft  expedi- 
tious, and  the  leaft  cumberfome  poUible.  In  order  to  attain 
this  end  the  following  things  dre  required. 

1 .  That  the  ftrength  of  the  feveral  parts  of  the  engine  be  fo 
adjufted  to  the  force  they  are  intended  to  exert,  as  that  they 
fliall  not  break  under  the  weight  they  ought  to  counteraft,  nor 
yet  encumber  the  motion  by  a  greater  quantity  of  matter  than 
is  neceffary  to  give  them  a  proper  degree  of  ftrength. 

2.  That  the  increafe  of  power,  by  means  of  the  machine, 
be  fo  regulated,  that  while  the  force  we  can  exert  is  thereby 
rendered  adequate  to  the  effeft,  it  may  not  be  retarded  in  pro- 
curing it  more  than  is  jibfolutely  ijeceffary. 

3.  Th 
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3.  ThattKe  machine  be  as  fimple  as  is  confiftent  with  pther 
conditions. 

4.  That  it  be  as  portable  and  as  little  tronblefome  in  the  ap* 
plication  as  poffible. 

5.  That  the  contrivance  be  ^fuch  that  the  moving  pmver 
may  be  applied  in  fuch  a*  'way  as  t4  aCk  .td  thsg^eateft 
advantage ;  and  that  the  nJotlon  ultimately  produced  may  have 
that  direftipn  and  velocity  .^hich  is  moft  adapted  to  the  execu-j 
tion  of  the  defign  propofed  by  the  whole. 

6.  Of  two  machines,  (5^ual  in  other  refpe£ls,  that  delervei 
the  preference  in, which  the  friftion  leaft  diminifhes  the  efFedt 
propofed  by  the  whole. 

It  will  e^ly  appea?v  that  foma ,  jof  thefe  conditions,  if  car- 
ried to  an  extreme,  will  be  inconfiftenttvith  (oint  of  theotli^s,: 
Here  the  pt6^&v  medicrm  confifts  in  adapting  tbeffl  to  each  otiher 
in  fuch  a  manner,  as  that  tha  refult  of  the  advantages  of  botli 
may  be  the  greateft,  ^nd  that  of  the  defefts  die  leafty:  that  19 
poffible.  i  .  :  .     .        /    .  ; 

The  following  method  of  applying  the  fcrew,  I  thidti  tt^ay 
in  certain  Caf*es  be  attended  with  fbme  of  thefe  advantages  to -a 
greater  degree  than  by  thofe  commonly  praiftifed* 

Let  AB  (fig.  i.)  be  a  plate  of  metal  in  which  the  fcrew> 
CD  plays,  having  a  number  of  threads  in  an  inch  equal  ti>  d^ 
Within  the  fcrew  CD  thefe  is  a  female  fcrew,  by  which  is  re*-' 
ceived  the  fmaller  fcrew  de  of  ^+  i  tlireads  in  an  inch  J  This 
fcrew  is  retainedfrom  moving  round  along  with  the  fcrew  ci> 
hy  means  of  the  apparatus  at  afgb.    . 

Now,  if  the  handle  ckl  be  turned  a  times  round  the  fcrew, 
CD  will  advance  upwards  an  inch,  and  if  we  fuppofe  the  fcrew 
^^  to  move  round  along  with  on,  the  point  e  >Vill  alfb  advance 
^n  inch.    If  we  now  turn  the  fcrew  de  a  times  backwards,  the 

I  2  point* 
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point  E  will  move  downwards  j-—  of  an  inch,  and  the  refill* 

of  both  motions  will  be  to  lift  the  point  r  upward  ( i  -  -^  =:  ) 

rr--  of  an  inch.    3ut  if^  while  the  fcrew  cd  is  turned  ^  times 

rmmd,  de  be  kept  from  moving,  the  effefl:  will  be  the  fame  as 
Sf  it  had  moved  a  times  roimd  with  CD  and  been  a  times  turned 

back,  that  is,  it  will  advance  -r:  of  an  inch..    At  one  turn 

» 
therefore  of  the  handle  ckl  it  will  move  upwards  C—-  k  -  =) 

TT^  of  an  inch.    If  then  we  (uppofe  the  handio  ckl  to  be 

b  inches  long,  the  powec  gained  by  the  machine  will  be  as 

tf*  -f  n  X  6,28^32  b  to  -unity-u 

To  illuftrate  rfiis  by  a  particular  example,  letthe  fcrcw  CD. 
have  10  threads  in  an  inch,  andDE  11  :  then,  while  flie  handle 
CKt.  is  turned  10  times  round,  the  point  D  will  riie  one  inch 
above  its  former  (ituation.  But  at  i  o  turns  it  can  only  pafs  over 
10  threads  of  the  fcrew  de,  and  confequently  it  will  advance 
upon  that  fcrew  ^  .J.ths  of  an  inch.  The  point  e  therefore  muft- 
Tife  tV*^  of  ^^  inch,  that  the  point  d  may  have  room  to  rife  a 
complete  inch  above  its  former  place :  therefore,  at  one  turn  of 
the  handle,  the  point  e  will  rife  T^-^rth  of  an  inch  ^  and  if  the^ 
handle  be  fuppofed  half  a  foot  long,  the  power,  to  produce  an 
equilibrium,  rauft  be  to  the  weight  as  r  ta  1 10  k  6,2832  x  6  =: 
4146,912,  which  is  the  very  number  expreffed' by  the  general 
theorem,  vk.  a^  -^-a  x  6,2832  by  calling  ^=10  and  b^6. 

Now  let  us  compare,  according  to  the  rules  before  laid  dowii, 
this  method  of  ufing  the  fcrew  with  the  common  one.  And,, 
firft,  in  order  to  have  the  fame  power  by  means  of  the  common 
fcrew  that  is  exerted  by  this,  machine,  it  muft  have  a  number  o£ 

threads 
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threads  in  an  inch  equal  to  a^  +  a^  which  would  render  it  too 
iveak  to  rcfift  any  confiderable  violence.  For  example,  if  no 
have  five  threads  in  an  inch,  and  deTix,  and  if  the  handle  ckl 
is  a  foot  in  length ,  the  power  gained  by  the  engine  will  be 
nearly  as  {a^  +  a  x63=^)2i6otoi;  whereas,  to  have  the  fame 
force  by  means  of  the  common  fcrew,  it  muft  have  30  threads 
ia  an  inch,  and  {o  muft  yield  under  a  refiftance  which  the 
other  fcrew  would  overcome  without  any  difficulty.  Upon  this^ 
principle,  the  fcrew  may  be  applied  with  advantage  in  prefles  of 
diflferent  kinds,  by  fixing  one  of  the  plates  of  the  prefs  ta  the  ^ 
end  of  the  fcrew  at  e. 

As  to  the  fecond  requifite^.  both  methods  may  be  equally^ 
adapted  to  it ;  yet  other  circumftances  will  determine  us  to  apply 
the  comimon  fcrew  where  a  fmall  increafe  of  power  is  necefTary, 
and  the  prefent  contrivance,  when  we  ftand  in  need  of  a  greater.^ 

This  wUl  follow  from  the  third  rule,  as  in  the  method  now. 
propofed.  a  double  aumber  of  fcrews  is  required, .  which  makes  * 
the  flrufture  more  complicated,  occafions  more  expence,  and^ 
requires  a  greater  accuracy  of  conftruilion, .  fince, .  unlefs  this  is » 
attended  to,  the  machine  will  not  move.. 

However,  the  machine  may,  in  fome  cafes,  anfwer  the.^ 
fourth,  mtention  better  than  the  common  one,  as  the  power  ~ 
gained  by  the  additional  fcrew  enables  us  to  fhorten  the  handle . 
which  will  tend  to  make  the  whole  more  portable. 

The  power  is  here  applied  in  the .  fame  direftion  as  in  the 
conmion  fcrew,  fblhat  both  equally  anfwer  the  firft  part  of  the 
fifth  rule ;  but  as  to  the  laft,  the  motion  ultimately  produced,  it  * 
will. depend  on  particular  circumftances  which  of  them  is  moft . 
fit  for  ufe  in  any  cafe.  Thus,  if  the  fcrew  de  be  intended  to  - 
carry  an  index  which  muft  turn  round  at  the  fame  time  that  it ' 
tifes  upwards^  the  common  fcrew  is  preferable;  for  although  I. 

can  i 
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can  fee  a  method  by  which  the  macliine  before  defcribed  may 
be  made  to  anfwer  this  purpofe,  I  am  almoft  afraid  to  propofe 
it.  I  mean,  that  within  the  fcrew  de  another  ftill  fmaller 
fhould  be  made  to  play,  and  be  conneded  with  the  fcre^  cD,  fo 
as  to  move  round  along  with  it.  It  mud  have  « * + ^  +  i  threads 
in  an  inch,  and  they  muft  be  in  the  contrary  dire^ion  t»  thofe 
of  CD,  fb  that  when  they  are  both  turned  together,  and  cd 
moves  upwards,  this  other  one  may  move  downwards.    At  one 

turn  of  the  handle  this  will  move  upwards  -rr-  x  -^ — 

=  T\ — 3  ,  ^  »  /-  of  an  inch,  and  at  the  fame  time  will  move 

roiuid  In  a  circular  dire^ion.  For  example,  let  cd  have  5 
threads  (  =  tf)  in  an  inch,  de  6  (  =  Ji),  and  a  third  fcrew  TVlthin 
DE,  but  connedled  with  cd  fo  as  to  partake  of  its  motion;  ^v 
(  =:  ^*  +  tf  +  I ).  At  one  turn  of  the  handle,  this  fcrew  will  rile 
upwards  4  x  |  x  ^^  ^  titt  ^^  ^^^  i^ch  ;  but  this  ajppears  too 
complicated  for  ufe,  and  the  leaft  inaccuracy  in  the  conftruc- 

tion  would  hinder  it  from  moving. 

But,  on  the  other  hand,  if  .while  the  point  E  rifes  it  is  of 
confequence  that  it  be  kept  from  going  round,  the  machine 
under  confideration  will  beft  anfwer  this  purpofe.  On  this 
principle  it  may  be  ufeful  in  feveral  refpefts :  fot  inftance,  let 
A  (fig.  2.)  reprefent  a  magnifying  lens,  and  let  it  be  moveable 
upon  the  fcrew  bc  of  1 6  threads  in  an  inch,  which  turns  within 
the  larger  fcrew  cd  of  i  5  threads  in  an  inch,  and  that  again 
moves  v/ithin  the  plate  ef  in  the  end  of  the  cylinder  of  *. 
To  ufe  the  inftrument,  fix  the  objeft  to  be  magnified  upon  the 
pin  GL,  and  then  turn  the  lens  a  upon  the  fcrew  bc,  till  it  be 

♦  The  fcrew  bc  is  reftrained  from  moving  along  with  cd  by  the  fmall  pillar  hk, 
which  illdes  backwards  and  forwards  in  a  groove  in  the  cylinder  gf. 

nearly 
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nearly  at  the  proper  diftance  from  the  pin,  and  oppofite  to  it. 
You  may  then  adjuft  the  diftance  more  accurately  by  turning 
the  fcrew  dc,  at  each  turn  of  which  the  lens  will  recede  frona, 
or  approach  to>  the  pin  -^^^th  of  an  inch.  This  it  will  do 
and  not  turn  afide,  but  ftiil  remain  oppofite  to  the  pin 
LG.  A  double  microfcope  might  be  fitted  on  in  the  place  of  the 
lens  A.  The  whole  inftrument  may  be  furniflied  with  a  handle, 
as  at  M ;  or>  if  larger,  it  may  have  three  feet  to  ftand  on  ^ 
table* 

On  the*  laft  principle  it  muft  be  owned,  the  commoij. 
fcrew  has  the  advantage,  as  two  fcrews  will  produce 
more  fridlign  than  one ;  and,  befides,  in  the  compound  engine 
there  15  ai|  additional  friftion  from  the  piece  fg  (fig.  i.)  upon 
the  pillars  between  which  it  moves. 

Another  cafe  in  which  this  machine  may  be  employed  is  in 
the  micromieter.  Thu$,  let  the  fcrew  ab  (fig.  3  )  of  50  threads 
iu  an  ipclj  be  turned  round  by  the  index  c,  which  moves  upon 
the  graduated  circle  ecd  in  the  direftion  cd.  Within  the  fcrew 
AB  is  the  fmajler  one  af  of  5 1  threads  in  an  inch,  retained  fronj 
moving  round  by  the  bar  gfh.  The  piece  af  is  continued  to  k,, 
^her^  it  forms  a  fine  point.  To  ufe  the  inftrument,  let  it  be 
adjuftfd  to  the  telefcope  or  microfcope  by  which  you  are  to  view 
aft«r,;Or  fome  fmall  objeft,  and  let  the  point  k  appear  juft  to 
touch  one  edge  of  the  objeft.  Then  turii  the  ind^x  c,  and  the 
point  K,  will, advance  upwards  till  it  appears  to  cover  the  other 
edge  of,  the  objeft,  and  thus  you  can  determine  its  fize*  The 
poiut  K  will  advance  at  each  complete  turn  of  the  index  yiV-s^ 
of  an  inch  ;  and'if  the  circle  be  divided  into  80  equal  parts,  one 
of  which,  if  it  is  an  inch  in  diameter,  will  be  very  obfervablc, 
while  the  index  moves  over  one  of  thefe,  the  point  k  will  advance 

v^iVvr  of  an  in,ch* 
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Thus,  for  example,  fuppofe  lam  to  meafure  the  diameter  of 
a  nervous  fibre  in  the  medullary  fubftance  of  the  brain,  I  make 
t'he  point  K  appear  cble  to  one  edge,  and  turn  the  index  till  the 
fame  point  pafs  over  the  fibre,  and  appear  to  touch  the  other 
edge :  I  then  look  on  the  graduated  circle  fiCD,  and  petxreive 
that  the  index  c  has  pafled  over,  fuppofe,  23,2  divifions.  Hence 
I  conclude  the  diameter  of  the  fibre  to  be  23,2  x  ^,.^.^5^=:  ttt-s- 
of  an  inch,  which  is  nearly  the  fize  as  found  by  the  accurate 
obfervations  of  Dr.  Monro.  There  fliould  be  a  nonius's  fcale 
on  the  index  which  will  meafure  to  one  tenth  of  a  divifion. 

As  the  index  c  muft  continue  clofe  to  the  plate  ecd,  while  at 
tfie  fame  timp  it  turns  round  the  fcrew  ab,  which  is  continually 
rifing,  it  muft  be  made  as  In  fig.  4.  where  tf,  ^,  are  two  fmall 
pieces  which  play  in  a  groove  in  the  fcrew  ab  (fig.  3.)  while  the 
groovecD  (fig.  4.)  in  the  index  is  filled  up  by  a  protuberance  of 
the  plate  ecd  (fig.  3.) ;  the  piece  below  the  groove  cd  (fig.  4.) 
being  funk  into  that  plate.  The  whole  machinery  may  be  in- 
clofed  in  a  cylinder  of  brafs  reaching  from  b  to  l  (fig.  3.),  fb 
that  the  point  of  the  fcrew  kl  may  be  without  it,  and  the  fides 
of  the  cylinder  may  be  open  at  ecd. 

It  is  farther  to  be  obferved,tljat  what  has  been  faid  goes  on  the 
fuppofition  that  the  point  k,  in  the  micrometer,  is  equally  mag- 
nified with  the  obje£l  we  are  to  meafure.  But,  if  this  point  be 
plaped  in  the  focus  of  the  eye-glafs  of  a  double  microicope ; 
when  it  moves  it  will  pafs  over,  not  the  obje^  itfelf,  but  its 
image,  magnified  by  the  objeft-glafs*  In  this  cafe,  if  the  objed- 
glafs  magnify  the  diameter  1  o  times,  while  the  index  pafies 
over  one  divifion,  the  point  K  will  pafs  over  the  image  of  an 
objeft,  the  diameter  of  which  is  -yy^i-av-y  of  an  inch.  As  in 
^i^  mode  of  application  the  point  k  muft  fall  between  the 

object 
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t>bje£l  and  eyc-glafs,  the  fcretvs  may  be  contained  within  the 
fulcrum  by  which  the  microfcope  is  fapported. 

The  machine  (fig.  i.)  may  be  applied  as  a  jack  to  raife  great 
Weights  a  little  way  from  the  ground,  by  fubftituting  two  crofs 
band-fpikes  for  the  handle  ckl  ;  or  a  vertical  handle  may  be 
employed  in  the  following  manner.  Let  a  (fig,  5.)  be  a  pinion 
turned  by  the  handle  Ab,  which  we  fuppofe  a  foot  in  length. 
Let  the  pinion  A  have  4  teeth,  and  move  the  Wheel  cd  of  1 6 
teeth.  The  fcrew  ef  of  4  threads  in  an  inch  is  fixed  in  this 
wheel,  and  turns  round  along  with  it.  Within  it  plays  the 
fcrew  PG  of  5  threads  in  an  inch,  and  which  we  fuppofe  pre- 
vented from  following  the  motion  of  ef  :  it  terminates  in  fuch 
a  (houlder  as  that  reprefented  at  g,  ind  being  cotitinued  to  H 
ends  in  a  foot  as  in  the  figure.  The  whole  is  inclofed  In  a  ftrong 
frame.  The  pinion  A  muft  be  connected  in  fuch  a  manner  with 
the  wheel  cd  a;5  to  rife  within  the  frame  along  with  it,  Which 
may  eafily  be  done  by  making  its  axis  play  in  a  piece  of  wood  or 
metal,  which  is  connedted  by  the  end  to  the  fcrew  jef.  Or,  if 
this  fhould  be  deemed  inconvenient,  as  the  rifing  of  the  pinion 
muft  raife  the  handle  ab,  the  wheel  cd  may  be  hindered  from 
rifing,  and  at  the  fame  time  turn  the  fcrew  ef,  by  a  contrivance 
fimilar  to  that  ufed  with  the  index  c  (fig.  3.)  in  the  micrometer. 
In  either  cafe,  the  axis  of  the  pinion  (hould  be  continued  through 
the  oppofite  fide  of  the  frame,  and  armed  with  a  heavy  fly  to 
regulate  the  motion.  When  the  machine  is  to  be  applied  to 
ufe,  the  bottom  of  the  frame  refting  on  the  ground,  if  the  body 
to  be  lifted  is  already  as  high  as  the  top  g,  that  top  is  applied 
below  it ;  but  if  it  is  clofe  to  the  ground,  we  put  below  it  the 
foot  H ;  then,  if  the  handle  ab  be  turned  once  round,  the 
wheel  CD  and  fcrew  ef  will  turn  J  part  round,  and  the  point  f 
will  rife  ( J  X  J  =  )  ^"-j-th  of  an  inch.     The  point  g  or  h  will 
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therefore  be  lifted  upwards  (^  «  t-)  t'tj^^  °f  ^n  inch.  But 
the  end  B  of  the  handle  ab  has  defcribed  above  fix  feet ;  there- 
fore the  velocity  of  the  point  o  is  to  that  of  the  point  b%s  one 
to  (72  X  80  =  )  5760.  Therefore,  if  we  fuppofe  a  man  to  aft  at . 
the  handle  with  a  force  equal  to  30  lbs.  he  may  keep  in  equilibrio 
n  weight  of  172800  lbs.  But  a  fubduftion  of  perbnps  more 
than  one  half  of  this  muft  be  made,  that  he  may  raife  the 
weight,  as  the  fridlion  of  the  engine  will  be  confiderable.  Sup- 
pofe  it  to  be  two-thirds,  the  effect  ftill  remains  equal  to  5760Q 
lbs.  or  25  tons  i4cwts.  and  32  lbs. 

It  will  eafily  appear,  that  this  method  of  applying  the  fcrew 
may  have  a  place  in  many  other  endues,  particularly  where 
great  accuracy  is  required ;  or  we  want  a  motion  to  be  perforiped 
with  great  power,  while  at  the  fame  time  it  need  not  have  any. 
large  compafs.  The  few  examples  given  above  may  ferve  as  a 
fpeciraea^ 
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VI.  An  Account  of  the  Turkey.    By  Thomas  Pennant,  EJg* 
F.  R.  S. ;  communicated  6y  Jofeph  Banks,  Efy.  P.  R.S. 


Read  December  21,  178 1. 

TURKEY.         Bill  convex,  fhort  and  ftrwig. 

Head  and  neck  covered  with  a  naked  tuberofc 
flefh,  with  a  long  fle(hy  appendage  hanging  from 
the  bale  of  the  upper  mandible. 

Ok   the  bread  a  long  tuft  of  coarfe  black 
hairs. 
Wild  Turkey,     josselyn's  Voy.  99^   Rarities  8^   Clayton's 

Virgin :  Phil.  Tranf.  abridged.  III.  590.  law- 
son,  149.     CATESBY  Topp.  XLIV. 

Le  coq  d'Inde,  belon  248. 

Gallo-pavo,  oesner  Av.  481.     Icon.  56.        ' 

Gallo-pavo,  aldrov.  Av.  ii.  18, 

Gallo-pavo,    the  Turkey^   A.  3.     Gallo-pavo 
'fylveftris  Novae  Angliae,  a  New, England  wild 
Turkey,  raii  Synopfis  Avium  51. 

Meleagris  Gallo-pavo.  M.  capite  caruncula 
frontali  gularique,  maris  peftore  Jbarbato,  lin. 
Syft.268. 

Le  Dindon  de  buffon  III«  brisson.  I.  158. 
tab.  XVI.    PI.  EnL  97. 

K  z  Defcriptlon. 
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T.  with  the  charafters  defcribed  in  the  definition: 
of  the  genus.  The  plumage,  dark  gloffed  with 
variable  copper  colour,  and  green^  Coverts 
of  the  wings  and  the  quill  fpatbers  barred  with 
black  and  white*  Tail  confifts  of  two  orders^ 
The  upper  or  fliorter  very  elegant,  the  ground 
colour  a  bright  bay ;  the  middle  feather  marked 
with  numerous  bars  of  fhining  black  and  green- 
The  greateft  part  of  the  exterior  feathers  of  the 
fame  ground  with  the  others  marked  with  three 
broad  bands  of  mallard  green,  placed  remote  from 
each  other.     The  two  next  are  coloured  like  thofe 

« 

of  the  middle;  but  the  end  is  plain  and  crofled 
with  a  fingle  bar,  like  the  exterior. 

The  longer  or  lower  order  are  of  a  rufly^ 
white  colour,  mottled  with  black;  and  crofled 
with  numerous  narrow-waved  lines  of  the.  fame 
colour^  and  near  the  end  with  a  broad  band. 

Wild  Turkics  preferve  a  fainenefs  of  colouring  ;; 
the  tame,  as  ufiial  with  domeflic  animals,  vary- 
It  is  needlefs  to  point  out  the  differences  in  fb  well 
known  a  bird :  the  blkck  approaches,  neareft  to  the 
•original  flock.    This  variety  I  have  feen  nearly  in* 
a. flate  of  nature  in  Richmond  aitd  .other  parks.- 
A  mofl:  beautiful  kind  has  of  late  been  introduced 
into  England  of  a  -fnowy  whitenefs,  finely  con- 
trafling  with  its  red  head.     Thefe,  I  think, .  came 
out  of  Holland,  probabfy  bred  from  an  accidental 
white  pair ;  and  from  them  preferved  pure  from 

any  dark  or  variegated  birds.. 

Size. 


nfiuinersv 
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The  fizes  of  the  wild  Turldcs  have  been  dif- 
ferently reprefented.  Some  writers  affert,  that 
there  have  been  inftances  of  their  weighing  fixtyr 
pounds;  but  I  find  none  who,  fpeaking  from 
their  own  knowlege,  can  prove  their  weight  to 
be  above  forty,  jossel yn  fays,  that  he  has 
eaten  part  of  a  cock,  which  after  it  was  pluckedj 
and  the  entrails  taken  out,  weighed  thirty*. 
LAWSON,.  whofe  authority  is  unqueftionable,  faw 
half  a  Turkey  fcrve  eight  hungry  men  for  two 
naeals  f ;  and  fays^  that  he  had  feen  others  which 
ke  believed  weighed  forty  pounds,  catesby  tells 
us,,  diat  outof  thq  naany  hundreds  which  he  had 
handled  § ,  very  few  exceeded  thirty  pounds ; 
each  of  thefc  fpeakof  their  being  double  that  fize 
merely  from  the  reports  of  others. 

The  manners  of  thefe  bird&arcas  fingular  as^ 
their  figure.  Their  attitudes  in  the  fbafon  of  court- 
ihip.  are  very  ftraking.  The  males  flipg  their  heads 
and  neck  backwards,  briftle  up  their  feathers,  drop 
their  wings  to  the.ground,  ftrut  ^nd  pace  moft  ridi- 

■ 

culoufly;  wheel  round  the  f^mal^s  with  their 
wings  ruftling  along  the  earth,  at  ^he  fame  time 
emitting-  a  ftrange  found  through  their  noftriU 
not  unlike  the  Gri^rr  of  a  great  Ipijming  wheel. 
On  being  interrupted  they  .fly  into  great  rages,  and 
change  their  notes  into.aloudand  guttural  gobble. 


♦'New  England  RaritieSi  p.  S. 
\  Hiftory  of' Carolina,  p.  149.  and  17; 

§  App*  XLIV.    The  grcatcft  certain  weight  Is  gi?en  by  Mr.  cLAYTON;>di^* 
&w  one  that  reached  38  lb8»     PhiK  Tranf« 

and 
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and  then  return  to  dalliance.  The  found  of  tha 
female  is  plaintive  and  melancholy, 

Irafcihle.  The  paflions  of  the  males  are  very  ftrongly  ex- 

preffed  by  the  change  of  colours  in  the  flefhy  fub- 
ftance  of  the  head  and  neck,  which  alters  to  red, 
white,  blue,  and  yellowifli,  as  they  happen  to  be 
aftefted.  The  fight  of  any  thing  red  excites  their 
choler  greatly, 

^^olygamous.       They  are  polygamous,  one  cock  fervlng  many 
'  hens.     They  lay  in  the  ipring,  and  produce  a 

great  number  of  eggs.  They  will  perfift  in  lay- 
ing for  a  great  while.  They  retire  to  fome 
obfcure  place  to  fit,  the  cock  through  rage  at  the 
lofs  of  its  mate  being  very  apt  to  break  the  eggs. 
The  females  are  very  affeftionate  to  their  young, 
and  make  great  moan  on  the  lofs  of  them.  They 
iit  on  their  eggs  with  fuch  perfeverancc,  that  if 
they  are  not  taken  away  when  addle,  the  hens 
will  almoft  perifli  with  hunger  before  they  will 
^uit  the  neft. 

•Turkies  greatly  delight  in  the  feeds  of  nettles  ; 
tut  thofc  of  the  purple-fox  glove  prove  fatal  to 
them  *. 

Turkies  are  very  ftupid  birds^  quarrelfome,  and 
cowardly.  It  is  diverting  to  fee  a  whole  flock 
attack  the  common  cock,  who  will,  for  a  long 
time,  keep  a  great  number  at  bay. 

Swift.  They  are  very  fwift  runners  in  the  tame  as  well 

Perch  as  the  wild  flate :  they  are  but  in4ifferent  flyers. 

high.  They  love  to  perch  on  trees, .  and  gain  the  height 

*  PE  BlfFFON^ 
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fhey  wifh  by  rifing  from  bougH  to  bough.  In  a 
wild  flate  they  get  to  the  very  fummit  of  the 
loftieft  trees,  even  fo  high  as  to  be  beyond  the  reach 
of  the  mufquet  *. 

Gregarious*        In  the  fFate  of  nature  they  go  in  flocks  even  of 

five  hundred  +,  feed  much  on  the  fmall  red  acorns, 
and  grow  fo  fat  in  March  that  they  cannot  fly 
more  than  three  or  four  hundred  yards,  and  are 
foon  ran  down  by  a  horfeman.  In  the  unfre- 
quented parts  bordering'  on  the  MiJJiJipi^  they  are 
fb  tame  as  to  be  fhot  with  even  a  pifl:ol  J. 

Haunts.  They  frequent  the  great   fwaiftps  §  of  their 

native  country,  and  leave  them  at  fun-^rifing  to 
repair  to  the  dry  woods  in  fearch  of  acorns  and 
berries  i .  and  before  fun- fet  retire  to  the^fwamps 
to  rooff; 

*  The  flefli'of  the  wild  Turkey  is  faid  to  be  fu- 

perior  in  goodnefs  to  the  tame,  but  redder.  Eggs 
oi  the  former  have  been  taken  from  the  neff/  and' 
Hatched  under  tame  Turkies.  The  young  will- 
ftill  prove  wild,  perch  feparate,  yet  mix  and  breed 
together  in  the  feafon.  The  Indians  fometimes- 
ufe  the  breed  produced  from  the"  wild  as  decoy 
birds  to  feduce  ^  thofe  in  a  ftate  of  nature  within, 
their  reach  ||. 

*    LAWtON,  4$. 

-f>  APAi&*t  Amcr.  36or 

%     X,AW80N,   149. 

f   It  is  in  the  fwamps  that  the  loftieft  and  mofi  1)ulky  tree^  are.  -  The  wet  with  - 
which  thcj  are  enTironed  makes  them  afecure  retreat. 

I   X.AWSOK,  149^ 

Wild '. 
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Wild  Turkies  are  now  grown  moft  exceflively 
rare  in  the  inhabited  parts  of  America^  and  are 
only  found  in  numbers  in  the  diftant  and  moft 
unfrequented  ipot^. 

The  Indians  make  a  moft  elegant  cloatfaing  of 
the  feathers.  They  twift  the  inner  webs  into  a 
ftrong  double  thread  of  hemp,  or  inner  bark  of 
the  mulberry  tree,  and  work  it  like  matting ;  it 
appears  very  rich  and  glofly,  and  as  fine  as  a  filk 
ftiag  *•  They  alfb  make  fans  of  the  tail ;  and 
the  French  of  Loutfiana  were  wont  to  make  urn* 
brellas  by  the  junction  of  four  of  the  tails  +. 

When  difturbed,  they  do  not  take  wing,  but 
run  out  of  fight.  It  Is  ufujil  to  chafe  them  with 
dogs,  when  they  will  fly  and  perch  on  the  next  tree. 
They  are  fo  ftupid  or  fo  infenfible  of  danger,  as  not 
to  fly  on  being  (hot  nt ;  but  the  furvivors  remain 
unmoved  at  the  death  of  their  companions  J* 
Place*  Turkies  are  natives  only  of  America^  or  the 

New  World,  and  of  courfe  unknown  to  the 
ancients^  Since  both  thefe  pofitions  have  been 
denied  by  fome  of  the  nxoft  eminent  naturalifts 
of  the  fixteenth  century,  I  beg  leave  to  lay  open, 
in  as  few  words  as  poffible,  the  caufe  of  their 
error. 
MIftaken  belon  §,  the  earlieft  of  thofe  writers  who  are 

by  BELON.      of  opinion  that  thefe  birds  were  natives  of  the 

*   tAWSON,    X8.      ADAIR,  423. 
t    DU  P&ATZ9   II.  85. 
I    DU  PRATZ,   324. 

§  Hift.  des  Oys.  248. 
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old  world,  founds  his  notion  on  the  deicription  of 
the  Guinea  fowf,  the  Meleagrides  of  strabo, 
ATHBNieuSy  PLINY,  and  others  of  the  ancients. 
I  reft  the  refutation  on  the  excellent  account  given 
by^THSNiEUs,   taken  from  clytus  milesius, 
adifciple  of  aristotle,  which  can  fuit  no  other 
than  that  fowl.     "  They  want,*'  fays  he,  "  na- 
**  tural  afFedion  towards  their  young ;  their  head 
^'  is  naked,  and  on  the  top  is  a  hard  round  body 
*'  like  a  peg  or  nail :  from  their  cheeks  hangs 
^^  a  red  piece  of  fleih  like  a  beard.     It  has  no 
**  wattles  like  the  common  poultry.     The  fea- 
thers are  black,  ipottedwith  white.  They  have 
no  fpurs ;  and  both  fexes  are  folike  as  not  to  be 
*>  diftinguiihed  by  the  fight."      varro  *  and 
PLIN*Y  +  take  notice  of  the  fjpotted  plumage  and 
the  gibbous  fubftance  on  the  head,     athenjeus 
is  more  minute, ; and:- contracH£ts  every  charadter 
of  the  Turkey,  whofe  females   are  remarkable 
for  their  natural  zScdlotij  and   difier  materially 
in  form  from  the  males,  whofe  heads  are  deftitute 
of  the  callous  fubftance  and  whofe ;  heels  (in  the 
males)  are  armed  with  fpurs. 

aldrovandus,  who  died  in  1 605,  draws  his 
arguments  from  the  faraie  fource .  as  belon  ;  I 
therefore  pafs  him  by,  and  take  notice  of  the 
greateft  of  our  naturaUfts;  gesner  J,  who  falls 
into  4  miftake  of  another  kind,  and  wiflies  the 
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*  lib.  ni.  c.  9. 

f  Lib.  X.  c.  36. 
X  Av.  48i« 
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Turkey  to  be  thought  a  native  of  India.     He 

.•  >     .,  quotes  -ELIAN  for  that  purpofe,  who  tells  us, 

^*  That  in  India  are  very  large  poultry  not  with 

^  combs,  but  with  various  coloured  crefts  inter- 

•     I    I       ^  ^  woven  like  flowers,  with  broad  tails  neither 

**  bending  nor  difplayed  in  a  circular  form,  which 
^*  they  draw  along  the  ground  as  peacocks  do 
*•  when  they  do  not  ereft  them ;  and  that  the 
**  feathers  are  partly  of  a  gold  colour,  partly 
•^  blue,  and  of  an  emerald  colour '*♦. 

This  in  all  probability  was  the  fame  bird  with 
the  Peacock  Pheafant  of  Mr.  edw  ards,  Le  Pam 
de  Tibet  of  M.  brisson,  and  the  Pavo  blcalcara^ 
tus  of  LiiWJEVs.  I  have  f^n  this  bird  livings* 
*  It  has  a  creft,  but  not  {<y  confpicuous  as  that 
defcribed  by  jelian  ;  but  it  has  thofe  flriking 
colours  in  form  of  eyes,  neithef  does  it  ettOt 
its  tail  like  the  Peacock +,  but  trails  it  Jike 
the  Pheafant.  The  Catrtus  of  strabo  J  feems 
to  be  the  fame  bird.  He  defcribes  it  as  un- 
commonly beautiful  and  fpotted,  and  very  like 
a  Peacock.  The  former  author  §  gives  a  more 
minute  itccQunt  of  this  ipecies,  and  under  the 
fame  name.  He  borrows*  it  fromt  clit  archvs,  an 
attendant  of  Alexander  the  Gj-eat  in  all  his 
conquefts.  It  is  evident  fr^wn  his  defcription, 
that  it  was  of  this  kind ;  and  it  is.  likewife  pjgo^ 
bable,  that  k  was  the  fame  with  his  large-  IiidtAk]^ 

*  De  Anim.  lib.  XVI.  c.  j» 

f  Edw.  II.  67, 

\  Lib.  XV.  p.  1046 

i  Df  Aniou  lib.  XVII.  c.  ^j.  .  . 
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poultry  before  cited«  He  celebr^e&  It  alfo  for  its  ^ 
fine  note  \  bu£  allowance  xauft  be  made  for  the 
credulity  of  jrlian.  The  Catreus^  or  Peacock 
Pheafant,  is  a  native  of  Tibet,  and  in  all  proba* 
bilit^  of  the  north  of  Indiaji  where  clitarchus 
mighC  have  obferved  it ;  for  the  march  of  Alex- 
ander was  through  that  part  which  borders  on. 
Tibet,  and  is  now  known  by  tjie  name  of  Penj^ab 
or  five  rivers. 
Not  natives  I  fliall  now  coUeft  from  .ai|thors  the  feveral 
of  Europe ;      parts  of  the  world  where  Turkies  are  unknown 

in  the  ftate  of  nature.     Europe  has  no  ihare  in 

the  queftidn ;  it  being  generally  agreed  that  they 

are  exotic  ifi  refped  to  that  continent. 

hor  of  Neither  are  they  found  in  any  part  of  Afia 

Aiia;  Minor,  or  the  Afiatic  Turky,   notwithftanding 

ignorance  of  their  true  origin  firft  caufed  them  to 
be  named  from  that  empire#^  -About  Aleppo, 
capitjal  of  Syria^  thef  are  onlj^^et  with,  do* 
mefticated  like  other  poultry  *.  Ii^  Armenia  they 
are  unknowti,  as  well  as  in  Periia ;  having  been 
brought  from  Venice  by  fbme  Armenian  mer- 
chants into  that  empire  +,  whewe  they  are  ftill  fb 
£:arce  as  to  be  preferved  among  other  rare  fowl  in 
th6  royal  menagery  J. 

Btf  H  ALD&  acquaints  us,  that  they  are  not  natives 
of  China ;  but  were  introduced  there  from  other 

•  messit,  63. 

*         '  •         . 

f  Taveenier^  146, 

J  BSLi.*! Travels,  L 128*  ..        ,^^ 
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coilDtries.  He  errs  from  miiinfbrmation  in  faying 
that  they  are  common  in  India. 

«  ^  I  will  not  quote  GEMELLicARERi,to  prove  that 

they  are  not  found  in'  the  Philippine  Iflands^  be- 
caufe  that  gentleman  with  his  pen  travelled 
round  the  world  in  his  eafy  chair,  during  a  very 
long  indifpofition  and  confinement  *  in  his  native 
country. 

But  DAMPtER  bears  witnefs  that  none  are  found 
m  Mindanao  |. 
nor  Africa;         The  hot  climate  of  Africa  barely  fuffers  thefe 

birds  to  exift  in  that  vaft  continent,  except  under 
the  care  of  mankind.  Very  few  are  found  in 
•  Guinea,  except  in  the  hands  of  the  Europeans, 
the  negroes  declining  to  breed  any  on  account  of 
the  great  heats  §.  prosper  alpinus  fatisfies  us, 
they  are  not  found  either  in  Nubia  or  in  Egypt. 
He  defcribes  the  Meleagrides  of  the  ancients,  and 
only  proves  that  the  Guinea  hens^  were  brought 
out  of  Nubia,  and  fold  at  a  great  price  at  Cairo  || ; 
but  is  totally  filent  about  the  Turkey  of  the 
moderns. 

Let  me  in  this  place  obferve,  that  the  Guinea 
hens  have  long  been  imported  into  Britain.  They 
were  cultivated  in  our  farm-yards ;  for  I  diicover 
in    1277,  in  the  Graingc  of  Clifton,    in  xbst 

♦  Sir  JAMES  FORTE**!  Obf.*  Turkcf^  L  1.  jji.. 

t    BARBOT  in  CHUECHILL*8  QplL  V.  29^ 
§    BOSMAN,    229. 

I  Hifi.  Nat.  ^gypti.  I.  201. 
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pariih  of  Ambrofden  in  Buckinghamihire,  among 
other  articles,  fix  Mutilones  and  fix  Africans 
Jiemifta  *,  for  this  fowl  was  familiarly  known  by 
the  names  of  Afra  Avis  and  Gallina  Africana 
and  Numida.  It  was  introduced  into  Italy  from 
Africa,  and  from  Rome  into  our  country.  They 
were  negleded  here  by  reafbn  of  their  tendernefs 
and  difficulty  of  rearing.  We  do  not  find  them 
in  the  bills  of  fare  of  our  ancient  feafts  + ;  nei* 
thcr  do  we  find  the  Turkey :  which  laft  argu- 
ment amounts  to  almoft  a  certainty,  that  fuch  a 
hardy  and  princely  bird  had  not  found  its  way  to 
us.  The  other  likewife  was  then  known  by  its 
claflical  name ;  for  that  judicious  writer  Dodor 
CAius  defcribes,  in  the  beginning  of  the  reign  of 
ELIZABETH,  the  Guinea  fowl,  for  the  benefit  of 
his  friend  gesner,  under  the  name  of  Meleagris, 
beftowed  on  it  by  aristotle  J. . 

Having  denied,  on  the  very  beft  authorities, 

that  the  Turkey  ever  exifted  as  a  native  of  the  old 

world,  I  mufl  now  bring  my  proofs  of  its  being 

only  a  native  of  the  new,  and  of  the  period  in 

.  which  it  firfi:  made  its  appearance  in  Europe.. . 

but  of  The  firft  precife  defcription  of  thefe  birds  is 

America,    .    given  by  oviedo,  who  in  1525  drew  up  a  fum- 

mary  of  his  greater  work,  the  Hiftory  of  the 

*  kevket's  Parochial  Antiq.  287. 

t  Neither  in  that   of  gborge  nevil  noP  among  the  delicacies    mentioned 
^  the  Northumberland  honfhold  book  begun  in  the  beginning  of  the  reign  of 

*6»iY  VIII. 

t  cAxx  Opufc.  13.    Htft.  An.  lib.  VI,  c.  3. 

Indies, 
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Indies,  for  the  ufe  of  his  monarch  charlbs  v, 
'tthe iflands^      This  learned  man  had  vifited  the  Weft  Indies  apd 

its  iflands  in  perfbxi,  and  payed  particular  regard 
to  the  natural  hiftory.  it  appears  from  him,  that 
the  Turkey  waS  in  his  days  an  inhabitant  of 
*he  greater  iflands,  and  of  the  main-land.  He 
IpeakS  of  them  as  Peacocks;  for  being  a  new 
t>ird  to  hlm^  he  adopts  that  name  from  the  re« 
'  iemblance  he  thought  they  bore  to  the  former. 
**  But,**  fays  he,  "  the  tieck  is  bare  of  feathers, 
**  but  covered  with  a  fldn  which  they  change 
^*  after  their  phantalie  into  div^erfe  colours.  They 
^*  have  *  a  horn  as  it  were  on  their  front,  and 
^*  haires  on  the  breaftf."  He  defcribes  other 
birds  which  he  alfo  calls  Peacocks.  They  are  of 
the  gallinaceous  genus,  and  known  by  the  name 
of  Curaffao  birds,  the  male  of  which  is  black, 
the  female  ferruginous. 

The  next  who  fpeaks  of  them  as  natives  of 

the  main-land  of  the  warmer  parts  of  America, 

is  FkANCisco  FleRNANDBz,  fent  there  by  philip 

II.  to  whom  he  was  phyfician.    This  naturalift 

]Mexko,  cbferved  them  in  Mexica     We  find  by  him, 

that  the  Indian  name  of  the  male  was  Huexoloti, 
of  the  female  Cihuatotolin.  He  gives*  them  the 
title  of  Gallus  Indicus  and  Gallo  Pavo.  The 
Indians,  as  well  as  Spaniard^  domefticated  theie 
ufeful  birds.  He  fpeaks  of  the  (ize  by  companion, 
faying,  that  the  wild  were  twice  the  magnitude  of 

^  lo  the  Spanilk  Pe^on  corto* 
f  In  pu&cBAS,  III.  995* 

1  Che 


cf  the  Turkejr;  jt^ 

the  tame  ;  and  that  they  were  (hot  with  arrows 
or  guns*.    I  cannat  learn  the  time  when  fer* 
NAKDEZ:  wrote.     It  muft  be  between  the  jrears 
^SSS  ^^^  ^19^^^  ^^  period  of  philip^s  reign., 
f  EJDEO  DE^  cissA  ooQ&tions  Turkies  on  the  Iflh* 

Ikiep^  /      inu3ofDarien4-«i«BRY,.aPojtti^eijeauthor>aflertSt. 

that  they  are  found  in  Brazil,  and  gives  them  an 
Bidian  nama  \ ;  bub  fince  I  can*  difcover  no  traces 
of  them  in.  that  diligent  an4  excellent  naturalift 
MAKCOEAVEy  who.  rcfidcd  long  in  tbatcountry,, 
I  mufl:  deny  my  a£&nt«.  But  the  former  is  con^- 
firmjed  by  that  able  and  honeft  navigator  dam* 
piEE,  who  fkw  feheoQt  frequently,  as  well  wild' 

Tue^taa,.       as  tame,   in  the  province  of  Yu^satan  §,   now 

ttckoned  part  of  the  kingdom  pf  Mexico.. 

North  In  North.  America,  they  were  obferved  by  the 

America^.       very  firft  difcoverers.     When  EEHfe.DE  i-audon- 

Xf  I.ERE,  patronized  by  Admiral  CQ^jiojn,  attempted' 
tp  fofm  a  fettleipent  near  the  place  where 
Charleftown  now  {lands,  he  npet  with  them  on 
Jus  firfl;  landing  in  1564,  and  by  his.hiftorian  has; 
reprefented  them  with  great  fidelity  in  the  fifth 
pUte  of  the  recital  of  his  voyagp  || :  from  his  time 
IChe  witnefies,  to.  their  being  natives  of  the  conti* 
neot  are  Innumerable.  They  have  been  feen  vx\ 
flocks  of*  hundreds  m  all  parts  from  Louifianai 

♦  Bift.  Av- Ne>v.  Hifp.  ar. 

t  ScvcntccR  Years  Travels,  20. 

\  In  DB  lakt's  Defer,  det  Indes,  491^ 

h  Vojraget,  vol.  II.  part  U.p.  65.  85.  II4, 
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introduced 
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even  to  Canada ;  but  at  this  time  are  extremely 
rare  in  a  wild  ftate,  except  in  the  more  diftant 
parts,  where  th^  are  flill  found  in  vaft  abun- 
dance. 

It  was  from  Mexico  or  Yucatan  that  tliey  were 
firft  introduced  into  Europe ;  for  it  is  certain,  that 
they  were  imported  into  England  as  early  as  the 
year  1524,  the  ijtix  of" henry  viii  *. 

We  probably  received  them  from  Spain,  with 
which  we  had  great  intercourfe  till  about  that 
time.  They  were  moft  fuccefsfully  cultivated  in 
our  kingdom  from  that  period ;  infbmuch,  that 
they  grew  common  in  every  farm-yard,  and  be- 
came even  a  difh  in  our  rural  feafts  by  the  year 
^S^S^^  for  we  may  certainly  depend  on  the  word 
of  old  TussER,  in  his  Account  of  the  Chriftmas 
Huibandlie  Fare  +. 

Beefe,  Mutton,  Snd  Porke,  ihred  pies  of  the  bed. 
Pig,  Veale,  Goofc,  and  Capon,  and  Turkic  well  dreft, 
Cheele,  Apples,  and  Nuts,  jolie  carols  to  heare. 
As  then  in  the  countrie,  is  counted  good  chearc. 

But  at  this  very  time  they  were  fb  rare  in 
France,  that  we  are  told,  that  the  very  firft  which 
was  eaten  in  that  kingdom  appeared  at  the  nuptial 
feaft  of  CHARLES  fix.  in  1570 1« 

*  BAxm&'s  Chr.  anderson^s  Di£t.  Com,  L  3^4,  backlutt,  IL  16$. 
makes  tbeir  introduction  about  the  year  i$32*  barnabt  googb,  ono  of  our 
earty  writers  on  Hulbandvy^iays,  they  were  not  fee^  Jiere  before  1530.  He  highly 
commends  a  Lady  hales  of  Kent,  for  her  excellent  management  of  theie  fowl,  p«  i66. 

f  Five  Hundred  Points  of  good  HuftandriCi  p.  57. 

1  4|idersomU  Did.  Comm*  L  410. 

To 


PhilotTranj:Vol.Lxxj  J&h.in .  p.9o. 


of  the  Turkey.  8i 

To  this  account  I  beg  leave  to  lay  before  you  the  veiy  extra- 
ordinary appearance  on  the  thigh  of  a  Turkey,  bred  in  my 
poultry  yard,  and  which  was  killed  a  few  years  ago  •  for  the 
table.  The  fervant  in  plucking  it  was  very  unexpeftedly 
wounded  in  the  hand.  On  examination  the  caufe  appeared  fo 
Angular,  that  the  bird  was  brought  to  me,  I  difcovered,  that 
from  the  thigh-bone  iffued  a  fliort  upright  procefs,  and  to  that 
grew  a  large  and  ftrong  toe,  with  a  fliarp  and  crooked  claw, , 
exaftiy  refembling  that  of  a  rapacious  bird. 


Vol.  LXXI.  M 
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VII.  Account  of  a  Nebula  in  Coma  Berenices.  By  Edward 
Pigott,  Efq.  In  a  Letter  to  Nevil  Malkelyne,  D.  D.  F.  R.  S. 
and  Ajlronomer  Royal. 


Read  Janyaiy  ii,  1781. 

REV      SIR  Frampton-honfc,  GlamorsanHilre, 

'  Scptco&ber  jf  '779* 

AS  my  father  generally  addrefles  to  you  fuch  papers  as  he 
communicates  to  the  Royal  Society,  I  beg  the  favour  of 
you  to  acquaint  that  learned  body,  that,  on  the  23d  of  March,  I 
difcovered  a  nebula  in.  the  conftellation  of  Coma  Berenices, 
hitherto,  I  prefume,  -unnoticed ;  at  leaft  not  mentioned  iii  M. 
DE  LA  lande's  Aftronomy,  nor  in  M.  msbsier's  ample  Cata« 
logue  of  nebulous  Stars.     I  have  observed  it  in  an  achromatic 
tranfit  inftrument,  three  feet  long,  and  deduced  its  mean  R.  A. 
by  comparing  it  to  the  following  Itars,  having  made  the  necef- 
fary  c<»rre£tk>ns  for  aberration  and  nutation,  the  refults  are : 


it 


By  i  Gemini            •             -            -  •  ipi  28  ^$ 

By  y  Canis  Majoris             -             -  -  191  28  41 

By  f  Virginis             -             -             -  -  191  28  45 

By  y  Virginis             -             -             -  -  191  28  36 

BySLconis             -             .             -  -  j^i  28  34 

Mean  R.  A,  of  the  nebula  for  April  20,  1779,  191  28  38 


Its 
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Its  light  being  exceedingly  weak^  I  could  not  fee  it  in  the 
^o-feet  telefcope  of  our  quadrant,  fo  was  obliged  to  determine 
Its  declination  likewife  by  the  tranfit  inftrument.  This  deter- 
oiinatlon,  however,  I  believe,  may  be  depended  upon  to  two  mi* 
nutes:  hence  its  declination  north  is  22°  s-^'^'  The  diameter 
^  this  nebnla  I  judged  to  be  about  two  minutes  of  a  degree. 

lam,  &c. 

-     E.  PIGOTT.. 


fit  a: 
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VIII.  Double  Stars  dif covered  in  1779,  Mt  Frampton-hoirfe^, 
Glamorganfhire.  By  Nathanael  Pigott,  Efq.  F.  R.  SL 
Foreign  Member  of  the  Academies  of  Bruflbls  and  Caen,  atid 
Correfpondent  of  the  Royal  Academy  of  Sciences  at  Paris ; 
communicated  by  Nevil  Malkelyne,  D.  D.  F.  R.  S.  and 
AJiramwmer  Royal. 


Read  January  11,  1 78 1 . 


TO   THE   KEV.   NEVIL   MASKELYNE. 

HEV.  SIR,  .  Gftober  27,  1779* 

INCLOSED  are  the  determinations  of  thte  places  of  three 
double  ftars,  which  I  difcovered  this  fummer;  at  leaft,  I 
prefume,  they  have  not  been  obferved  before,  hecaufe  I  do  not 
find  them  inferted  in  Dr.  bradley's  catalogue,  publiflied  in 
the  Nautical  Almanac  1773,  or  in  the  Connoijfance  des  Tems^ 
no  more  than  in  other  catalogues  in  my  pofleffion.  y  Delphini, 
indeed,  is  in  M.  de  la  caille's  catalogue ;  but  not  as  a  dou- 
ble ftar.  The  inftrument  he  ufed  was  not,  probably,  power- 
ful enough  for  that  purpofe.  In  the  two-feet  telefcope  of  my 
quadrant  it  appears  only  as  a  fingle  ftar.  Thefe  ftars  were  ob- 
ferved by  me  in  a  three-feet  achromatic  telefcope  of  a  tranfit 
inftrument,  with  an  objeft-glafs  near  two  inches  diameter. 
The  R.  A.  are  nicely  determined  by  feveral  obfervations,  which 
always  agree  with  each  to  a  fraction  of  a  fecond  in  time.     The 

declinations 
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declinations  were  deduced  from  the  difFerence  of  altitudes  be- 
tween the  double  ftars  and  the  known  ftars,  to  which  they  were 
compared,  as  (hewn  by  the  graduated  femi-circle  of  the  tranfit 
inftrument,  which,  being  divided  to  two  minutes  only,  cannot 
be  fuppofed  to  give  any  great  precifion :  however,  I  believe, 
their  declinations,  hence  deduced,  to  be  corred  to  one  minute, 
or  one  minute  and  a  half. 

In  obferving  the  double  ftar  compared  to  ^Pegafi,  I  found  it 
impofiible  to  illuminate  the  wires  of  the  tranfit  inftrument, 
without  nearly  obliterating  the  ftan  This  difficulty  led  me  to 
a  method,  which,  as  it  completely  fucceeded,  may,  under  fimi- 
lar  circumftances,  poffibly  be  of  ufe  to  others*  A  perfon  illu- 
minating the  wires  very  faintly,  fo  that  I  could  juft  perceive  the 
double  ftar,  at  a  lignal  totally  withdrew  the  light :  this  fignal 
1  made  when  the  double  ftar  was  nearly  as  far  diftant  from  the 
firft  wire  as  the  five  wires  are  diftant  from  each  other,  which, 
in  this  cafe,  was  1 3"  by  the  clock.  I  then  counted  the  feconds, 
and  did  not  fail  to  fee  the  ftar  difappear  a  fecond  or  two  within 
the  time  expeded.  On  its  difappearing,  I  made  a  fignal  to 
write  down ;  and  then  beginning  to  count  again,  did  the 
fame  at  each  wire.  I  have  fince  tried  this  method  with  other 
ftars,  and  think  they  may  be  thus  obferved,  even  with  greater 
precifion  than  when  the  wires  are  illuminated.  Hence  the 
troublefbme  bufinefs,  well  known  to  aftronomers,  of  illumi- 
nating faint  objefts,  may  be  removed. 

The  preceding  ftar  of  each  double  ftar  was  obferved  on  the 

firft,  third  and  fifth  wires,  and  the  following  one  on  the  fecond 

andfburth  wires ;  and  thus  their  difFerence  in  R.  A.  in  time, 

converted  into  parts  of  a  great  circle,  obtained.     Suppofing  the 

apparent  R.  A.  and  App.  declinations  of  oc  Delphini,  /3  Aquarii, 

and  ^  Pegafi,  as  here  afl'umed,  the  places  of  thefe  double  ftars 

were  found  to  be  as  follows. 

I  beg 
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I  beg  you  to  communicate  thefe  obfcrvations  to  the  Royal 
Society  ;  and  to  receive  my  thanks  for  thofe  I  received  in  your 
letter  of  the  7th  inftant. 

lam^  &C.. 

N.  PIGOTT. 

September  5,  1779. 

.  App.  R.  A^  App.  declination. 

307  21     5       aDelphini,  3  J  mag.         -  '5     ^  53  N* 

309     6  30       id  or  brighteft  of  y  Delphim  4.     15  20  40  N* 
o     94  difF.  R.  A.  of  the  2  ftars  in  y  Delphinu 
Note,  both  the  ftars  in   y  Delphini  have .  the  fame,   or 
nearly  the  fame,  decimation.     The  ift  is  of  the.  6th  „ 
the  2d  of  the  4th  mag, 

Sieptember  1 9..  ^ 

3x9  59  2^7+   jSAquarii,  3d  mag.  -  6  '3,1  34  S^- 

318     3  21   preceding  double  ftar,  5th  mag.  7  40  34.  S^ 

Q  1 1  •.  difF.  R,A.  between  iftand  2d  of  the dbuble ftar. 

Note,  the  ift  feemed.of  the  5th,  the  2d  of  the  7th  mag^ 
The  ift  is  perhaps  6"  or  8"  S.  of  the  followmg  one. 

337  36  55+  CP^g^^»  3^"^^&-  ^  9t  +^  ^4N. 

346  53  36!  double  ftar,  8th,  9th  mag        -         3  59  17  N. 

Note,  both  the  ftars  of  this  double  ftar  have  the  fame,  or^ 
nearly  the  fame^  R..A..r  their  difference  in  declination, 
is.  1  s"  or  perhaps  20'';. 
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IX.  An  Account  of  the  Ganges  and  Burrampooter  Rivers.  By 
James  Rennell,  Efq.  F.  R.  S^;  communicated  by  Jofephi 
Banks,  E/q.  P.R.S. 


E.ead  January  25,  1781^ 

THE  *  Ganges  and  +  Burrampooter  Rivers,  together  with 
their  numerous  branches  and  adjuuAs,  interfedt  the 
country  of  Bengal  in  fuch  a  variety  of  directions,  as  to  form 
tlie  moft  compleat  and  eafy  inland  navigation  that  tran  be  con* 
ceived.  So  equally  and  adn^irably  diffufed  are  thofe  natural 
canals,  over  a  country  that  approaches  nearly  to  a  perfect  plane, 
that,  after  excepting  the  lands  contiguous  to  Burdwan,  Bir- 
boom,  &c.  (which  altogether  do  not  conftitute  a  fixth  part  of 
Bengal)  we  may  fairly  pronounce,  that  every  other  part  of  the 
country  has,  even  in  the  dry  feafbn,  fbme  navigable  ftream 
withm  25  miles  at  fartheft,  and  more  commonly  within  a  third 
part  of  that  diftance. 

It  is  fuppofed,  that  this  inland  navigation  gives  -conftant  em* 
ployment  to  30,000  boatmen.  Nor  will  it  be  wondered  at, 
when  it  is  known^  that  all  the  fait,  and  a  large  proportion  of  the 

*  The  proper  name  of  fhis  river  in  the  language  of  Hindooftan  (or  Indoftan) 
i«  Pudda  or  Padda.  It  is  alfo  named  Burra-Gonga,  or  the  Great  River;  and 
^nga,  the  River,  by  way  of  eminence  ;  and  from  this,  doubtlofs,  the  European 
names  of  the  river  are  derived. 

t  The  orthography  of  tliis  word,  as  given  here,  is  according  to  the  common 
pronunciation  in  Bengal ;  but  It  is  faid  to  be  written  in  the  Sanfcrit  language, 
^rahma-pootar,  which  fignifies  the  Son  of  Brahma. 

6  foo^ 
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food  confumed  by  ten  millions  of  people  are  conveyed  by  water 
within  the  kingdom  of  Bengal  and  its  dependencies.  To  thefe 
muft  be  added,  the  tranfport  of  the  commercial  exports  and  im- 
ports,  probably  to  the  amount  of  two^  millions  fterling  per 
annum ;  the  interchange  of  manufaftures  and  produds  throiXgh- 
out  the  whole  country;  the  fifheries ;  and  the  article  of  tra- 
velling *. 

Thefe  rivers,  which  a  late  ingenious  gentleman  aptly  termed 
fifters  and  rivals  (he  might  have  faid  twin  fifters,  from  the  con- 
tiguity of  their  fprhigs),  exaftly  refemble  each  other  in  length 
of  courfe ;  in  bulk,  until  they  approach  the  fea ;  in  the  fmooth- 
nefs  and  colour  of  their  waters ;  in  the  appearance  of  their 
borders  and  iflands ;  and,  finally,  in  the  height  to  which  their 
floods  rife  with  the  periodical  fains.     Of  the  two,  the  Burram- 
pooter  is  the  largeft ;  but  the  difference  is  not  obvious  to  the 
eye.     They  are  now  well  known  to  derive  their  fources  from 
the  vaft  mountains  of  Thibet  +  ;  from  whence  they  proceed  in 
oppofite  directions ;   the  Ganges  feeking  the  plains  of  Hin- 
dooftan  (or  Indoftan)  by  the  weft ;  and  the  Burrampooter  by 
the  eaft  ;  both  purfuing  the  early  part  of  their  courfe  through 
xugged  vallies  and  defiles,  and  feldom  vifiting  the  habitations  of 
men.     The  Ganges,  after  wandering  about  750  miles  through 
thefe  mountainous  regions,  iflues  forth  a  deity  to  the  fuperfti- 

*  The  embarkations  made  ufe  of  vary  in  bulk  from  180  tons  down  to  the  fize 
of  a  wherry.  Thofe  from  30  to  50  tons  are  reckoned  the  moft  eligible  for 
traniporting  merehandize. 

f  Thefe  are  amongft  the  htghefi  of  the  mountains  of  the  old  hemisphere.  I 
was  not  able  to  determine  their  height ;  but  it  may  in  fome  meafure  be  guefled^ 
by  the  circumfiance  of  their  rifmg  confiderably  above  the  horizon ,  when  viewed 
from  the  plains  of  Bengal,  at  the  diihnce  of  150  miles,. 

^  tious> 
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fious,  yet  gladdened)  inhabitant  of  Hindooftan*.  From  Hurd- 
tvar  (or  Hurdoar)  in  latitude  30*,  where  it  gtrfRe?  through  an 
opening  in  the  mountains,  it  flows  with  a  fmooth  navigable 
ftream  through  deKghtful  plains  during  the  remainder  of  its 
courie  to  the  (ki^k  (which  is  about  1350  miles)  diffuiing  plenty 
immediately  by  means  of  its  living  prdduftions ;  and  feconda- 
rily  by  enriching  the  adjacent  lands,  and  afR>rding  an  eafy 
means  of  tranfport  for  the  produftions  of  its  borders.  In  a 
military  view,  it  opens  a  cdmmunication  between  the  different 
pofts,  and  ferves  in  the  capacity  of  a  mHttary  way  through  the 
country ;  renders  unneceflaiy  the  forming  of  magazines ;  and 
infinitely  furpafles  the  celebrated  inland  navigation  of  North 
America,  where  the  carrying  places  not  only  obftruft  the  pro- 
grefs  of  an  army,  but  enable  the  adverfary  to  determine  his 
place  and  mode  of  attack  with  ceitainty. 

In  its  courfe  through  the  plains,  it  receives  eleven  rivers,  fome 
of  which  are  equal  to  the  Rhine,  and  none  fmalier  than  the 

*  The  fabulous  aeeount  of  the  origin  of  t&e  Gacfges  (ks  communicated  by 
toy  learned  and  ingttlious  friend  c.  w.  bovghtoH  A'b'c)]!,  Efq.)  is,  that  it  flows 
(mt  of  the  foot  of  Beifchan  *  (from  whence,  fay  t)tt  Bramins,  it  has  its  name 
Padda;  that  word  fignifying  foot  in  the  Sanfcrtt  lati^iage) ;  and  that  in  its 
courfe  to  the  plains  of  Hindob^an  it  palTes  tlirOugH  an  immenfe  rock  iliaped  like 
•  Cow*i-head. 

The  aliegoiy  is  highly  expreffive  of  the  veneration  which  the  Hindoos  have  for 
this  famous  (b'eam ;  and  no  lefs  {6  of  their  gratitude  fo  the  Author  of  Nature  for 
beibwing  it ;  for  it  defcribes  the  Blei&ng  as  flowing  put'cly  from  his  bounty  and 
goodnefs. 

The  rock  before  mentioned  has,  I  believe,  never  b^cn  vllit^d  by  any  European ; 
and  is  even  allowed  by  moft  of  the  natives  to  bear  no  reftfmblailctf  to  the  obje6l 
from  whence. it  is  denbminated.  However,  as  thecfFcas  of  fuperdition  do  often 
long  furvive  the  illufions  that  gave  it  birth,  the  rock  or  cavern  ftfll  preferves  the 
name  of  Gowmooky^  or  Cow's*head« 

*  Befchan  is  the  fame  with  Viflnou,  the  prisebvino  duty. 

Vol.  LXXI.  N  Thames, 
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Thames,  befides  as  many  others  of  lefler  note.  It  is  owing  to 
this  vaft  influx  of  ftreams,  that  the  Ganges  exceeds  the  Nile  fo 
greatly  in  point  of  magnitude,  whilfl  the  latter  exceeds  it  in 
length  of  courfe  by  one-third.  Indeed,  the  Ganges  is  inferior 
in  this  laft  refpeft,  to  many  of  the  northern  rivers  of  Afia ; 
though  I  am  inclined  to  think  that  it  difcharges  as  much  or 
more  water  than  any  of  them,  becaufe  thofe  rivers  do  not  lie 
within  the  limits  of  the  periodical  rains  ^^ 

The  bed  of  the  Ganges  is,  as  may  be  fuppofed,  very  unequal 
in  point  of  width.    From  its  firft  arrival  in  the  plains  at  Kurd- 

*  The  proportional  lengths  oiF  courfe  of  fome  of  the  moft  noted  rivers  in  the 
world  are  ihewn  nearly  bj  the  following  numbers  i 
European  Rivers. 

Thames,                »  -             i 

Rhme,               -  •                 5I 

Danube,                -^  -                 7 

Wolga,               -  •.               9i 
^Afiatic  rivers. 

Indas>          •            •  -            si 

Euphrates,                 •  -             ^i    * 

Ganges,               •  -               9i 

Burrampooter,             .  .          ^| 

Kou  Kian,  or  Ava  River,  *          k^\ 

Jennifea,             -  •                20 

Oby,                 -  -                loj 

Amoor,                -  -               11  . 

Lena,                »  -               ii| 

Hoanho  (of  China),  -             13I 

Kian  Keu  (of  ditto),  -             '  15^ 
African  river. 

NUe,            -  .                  22| 
American  rivers, 

Miffifipi,                 .  .              8 

Amazons,            .-  -              15I 

war, 
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war,  to  the  conflux  of  the  Jumnah  (the  firft  river  of  note  that 
joins  it)  its  bed  is  generally  from  a  mile  to  a  mile  and  a  quarter 
wide ;  and,  compared  with  the  latter  part  of  its  courfe,  tole- 
rably ftraight.  From  hence,  downward,  its  courfe  becomes 
more  winding,  and  its  bed  confequently  wider  *,  till,  having 
alternately  received  the  waters  of  the  Gogra,  Soane,  and  Gun- 
duck,  befides  many  fmaller  ftreams,  its  bed  has  attained  its 
full  width ;  although,  during  the  remaining  600  miles  of  its 
courfe  it  receives  many  other  principal  ftreams.  Within  this 
fpace  it  is,  in  the  narroweft  parts  of  its  bed,  half  a  mile  wide, 
and  in  the  wideft,  three  miles  ;  and  that,  in  places  where  no 
iflands  intervene.  The  ftream  within  this  bed  is  always  either 
increaling  or  decreaiing,  according  to  the  feafon.  When  at  its 
loweft  (which  happens  in  April)  the  principal  channel  varies 
from  400  yards  to  a  mile  and  a  quarter ;  but  is  commonly  about 
three  quarters  of  a  mile. 

The  Ganges  is  fordable  in  fbme  places  above  the  conflux  of 
the  Jumnah,  but  the  navigation  is  never  interrupted.  Below 
that,  the  channel  is  of  confiderable  depth,  for  the  additional 
ftreams  bring  a  greater  acceffion  of  .depth  than  width.  At  500 
miles  from  the  fea,  the  channel  is  thirty  feet  deep  when  the 
river  is  at  its  loweft ;  and  it  continues  at  leaft  this  depth  to  the 
fea,  where  the  fudden  expanfion  of  the  ftream  deprives  it  of  the 
force  neceflary  to  fweep  away  the  bars  of  fand  and  mud  thrown 
acrofs  it  by  the  ftrong  foutherly  winds ;  fo  that  the  principal 
branch  of  the  Ganges  cannot  be  entered  by  large  veflels. 

About  220  miles  from  the  fea  (but  300  reckoning  the  wind- 
ings of  the  river)  commences  the  head  of  the  Delta  of  the 
Ganges,  which  is  conliderably  more  than  twice  the  area  of 
that  of  the  Nile.     The  two  wefternmoft  branches,  named  the 

*  This  will  be  explained  when  the  windings  of  the  river  are  treat<^d  of. 

N  2  Cdflimbuzar** 
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Coffimbuzar  and  Jeltlnghy  Rivers,  unite  and  form  what  is 
afterwards  named  the  Hoogly  River,  which  is  the  port  of 
Calcutta,  and  the  only  branch  of  the  Ganges  that  is  commonly 
navigated  by  fliip$  *•  The  Coffimbuzar  River  is  almoft  dry 
from  Oftober  to  May ;  and  the  Jellinghy  River  (although  a 
ftream  runs  in  it  the  whole  year)  is  in  fome  years  ujijiavigable 
during  two  or  three  of  the  dryejft  months ;  fo  that  the  ooly 
fubordinate  branch  of  the  Ganges,  that  is  at  all  times  naviga- 
ble, IS  the  Chundnah  River,  which  feparates  at  Moddapour, 
and  terminates  in  the  Hooringotta. 

That  part  of  the  Delta  bordering  on  the  fea,  is  compofed  of 
a  labyrinth  of  rivers  and  creeks,  all  of  which  are  fait,  except 
thof^  that  immediately  communicate  with  the  pjincipal  arm 
of  the  Ganges.     This  traft,    known  by  the   oame  of  the 
Woods,  or  Sunderbunds,  is  in  extent  e<^ual  to  the  principality 
of  Wales ;  and  is  fb  completely  enveloped  in  woods,  and  in- 
fefted  with  Tygers,  that  if  any  attempts  have  ever  been  made 
to  clear  it  (as  is  reported)  they  have  hitherto  mifcarried.     Its 
numerous  canals  are  fo  difpofqd  as  to  form  a  compleat  inland 
navigation  throughout  and  acrofs  the  lower  part  of  the  Delta, 
without  either  the  delay  of  going  round  the  head  of  it,  or  the 
hazard  of  putting  to  fea.     Here  fait,  in  quantities  equal  to  the 
w^hole  confumption  of  Bengal  and  its  dependencies,  is  made 

*  Thfe  Hoogly  River,  or  weflqrnpioft  brpAch  of  tlie  Gaitgct,  hiiB  a  much 
deeper  outlet  to  the  &a  than  the  principal  branch*  Probabljr  thi^  may  be  owkg  to 
its  precipitating  a  left  quantity  of  mud  than  the  other ;  the  quantity  of  the 
Ganges  water  difcharged  here  being  le&  than  in  the  other  in  the  proportion  of  one 
to  fix.  From  the  difficulties  that  occtir  in  navigating  the  entrance  of  the  Hoogly 
River^  many  are  led  to  fuppc^c,  that  the  channeb  are  fhatlDW.  The  diflcultieay 
however,  arife  frpm  bnngipg  the  flitpi  acrpiir  iAi^ie.oC  the  {and«-ba|ikft»  whi^h  gsp* 
jed  fo  far  into  the  fea,-'  that  the  channelf  bctireenjhpm  cannot  egfily  be  traced 
from  without, 

4  s^nd 


Ganges  and  Burrampooter  Rivers.  ^^ 

and  tranfported  with  equal  facility :  and  here  alfo  is  found  an 
inexhaxiftible  ftore  of  timber  for  boat-building.  The  breadth 
of  the  lower  part  of  this  Delta  is  upwards  of  1 80  miles ;  to 
which,. if  we. add  that  of  the  two  branches  of  the  river  that 
bound  it,  we  fliall  have  about  200  miles  for  the  diftance  to 
which  the  Ganges  expands  its  branches  at  its  jundlion  with  the. 
fea. 

It  has  been  obferved  before,  that  the  courfe  of  this  river,  from 
Hutdwar  to  the  fea,  is  through  an  uniform  plain,  or,  at  leaft, 
what  appears  fuch  to  the  eye :  for,  the  declivity  is  much  tod 
iinall  to  he  perceptible.  A  fedion  of  the  ground,  parallel  to 
one  of  its  branches,  in  length  60  miles,  was  taken  by  order  of 
Mr.  HASTINGS  ;  and  it  was  found  to  have  about  nine  inches  de- 
fcent  in  each  mile,  reckoning  in  9  ftraight  line,  and  allowance 
being  made  for  the  curvature  of  the  earth.  But  the  windings 
ef  the  river  were  fb  great,  as  to  reduce  the  declivity  on  which 
the  water  ran,  tolefs  than  four. inches  per  mile  :  and  by  a  com^ 
parifon  of  the  velocity  of  the  ftream  at  the  place  of  experiment 
with  that  in  other  places,  I  have  no  reafon  to  iuppofe,  ttet  its 
general  defcent  exceeds  it  *. 

The  medium  rate  of  motion  of  the  Ganges  is  lefs  than  three 
miles  an  hour  in  the  dry  months.  In  the  wet  feafon,  and 
during  the  draining  oflF  of  the  waters  from  the  inundated  lands, 
the  current  runs  from  five  to  fix  miles  an  hour ;  but  there  are 
inftances  of  its  running  feven,  and  even  eight  miles,  in  parti- 
cular fituations,  and  under  certain  circumflances.     I  have  an 

^  M.  P£  CONDAMINE  {jpiiDd  the  defceqt  of  the  river  Amazons,  in  a  ftraight 
CiHirie  of  sd)out  i860  miles,  to  be  about  1020  Englifh  feet,  or  6^  inches  in  a  mi!e. 
V  we  allow  for  the  windings^  it  comes  out  nearly  the  fame  as  the  Ganges  (which 
winds  about  x^  mile  in  three,  taking  its  whole  courfe  through  the  plaios),  namely, 
^Bl  4  inches  in  a  mije. 

experiment 


94  -^^-  RENNELl's  Account  of  the 

experiment  of  my  own  on  record,  in  which  my  boat  was  car- 
ried 56  miles  in  eight  hours ;  and  that  againft  fo  ftrbng  a  wind, 
that  the  boat  had  evidently  no  progreffive  motion  through  the 

water.    • 

•  -        ■  . 

When  we  confider,  that  the  velocity  of  the  ftream  is  three 
miles  in  one  feafon,  and  five  or  more  in  the  other,  on  the  fame 
defcent  of  four  inches  per  mile ;  and,  that  the  motion  of  the 
inundation  is  only  half  a  mile  per  hour,  on  a  much  greater 
defcent ;  no  further  proof  is  required  how  fmall  the  proportioa 
of  velocity  is,  that  the  defcent  communicates.  It  is  then,  to 
the  impetus  originating  at  the  fpring  head,  or  at  the  place 
where  adventitious  waters  are  poured  in,  and  fucceffively  com- 
municated to  every  part  af  tlie  ftream,  that  we  are  principally 
to  attribute  the  velocity,  which  is  greater  or  lefler,  according  to 
the  quantity  of  water  poured  in. 

In  common,  there  is  found  on  one  fide  of  the  river  an  almoft 
perpendicular  bank,  more  or  lefs  elevated  above  the  ftream, 
according  to  the  feafon,  and  with  deep  water  near  it:  and  on 
the  oppofite  fide  a  bank,  ftielving  away  fo  gradually  as  to  occa- 
fion  (hallow  water  at  fome  diftance  from  the  margin.  This  is 
more  particularly  the  cafe  in  the  moft  winding  parts  of  the 
river,  becaufe  the  very  operation  of  winding  produces  the 
fteep  and  fhelving  banks  *  :  for  the  current  is  always  ftrongeft 
on  the  external  fide  of  the  curve  formed  by  the  ferpentine 
courfe  of  the  river ;  and  its   continual  adion  on  the  banks 


♦  Hence  it  Is,  that  tlic  fcftion  of  a  river,  that  winds  through  a  loofc  foil, 
approaches  nearly  to  an  obtufe  angled-triangle,  one  of  whofe  (ides  is  exceedingly 
Ihort  and  difproportioned  to  the  other  two^Z^=^  •  But  when  a  river  perfeveres  in 
a  f^raight  courfe,  the  fe&ion  becomes  nearly  the  half  of  an  ellipfis  divided 
\ :>ngituc!inail/  \^   J* 

cither 
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either  undermines  them*,  or  waflies  them  down.  In  places 
where  the  current  is  remarkably  rapid,  or  the  foil  uncom- 
monly loofe,  fuch  t rafts  of  land  are  fwept  away  in  the  courfe 
of  one.feafon,  as  would aftonifh  thofe  who  have  not  been  ey»- 
witneffes  to  the  magnitude  and  force  of  the  mighty  ftreams 
occafioned  by  the, periodical  rains  of  the  tropical  regions.  This 
neceffarily  produces  a  gradual  change  in  the  courfe  of  the  river; 
what  is  loft  on  one  fide  being  gained  on  the  other,  by  the  mere 
operation  of  the  ftream :  for  the  fallen  pieces  of  the  bank  dif- 
folve  quickly  into  muddy  fand,  which  is  hurried  away  by  the 
current  along  the  border  of  the  channel  to  the  point  from 
whence  the  river  turns  off  to  form  the  next  reach,  where  the 
ilream  growing  weak,  it  finds  a  refting  place,  and  helps  to  form 
a  flielving  bank,  which  commences  at  the  point,  and  extends 
downwards,  along  the  fide  of  the  fucceeding  reach. 

To  account  for  the  flacknefs  of  the  current  at  the  point,  it 
IS  neceflary  to  obferve,  that  the  ftrongeft  part  of  it,  inftead  of 
turning  fliort  round  the  point,  prefer ves  for;  fome  time  the  direc- 
tion given  it  by  thelaftfteep  bank,  and  is  accordingly  thrown 
obliquely  acrofs  the  bed  of  the  river  to  the  bay  on  the  oppofite 
fide,  and  purfues  its  courfe  along  it,  till  the  intervention  of 
another  point  again  obliges  it  to  change  fides. 

In  thofe  few  parts  of  the  river  that  are  ftralght,  the  banks 
undergo  the  leaft  alteration  f,  as  the  current  runs  parallel  to 

*  In  the  dry  feafon  fome  of  thefe  banks  are  more  than  30  feet  high,  and  often 
fall  down  in  pieces  of  many  tons  weight,  and  occafion  fo  fudden  and  violent  an 
agiiiKion  of  the  water,  as  fometimes  to  fink  large  boats  that  happen  to  be  near 
the&ore. 

f  It  is  more  than  probable,  that  the  ftraight  parts  owe  their  exigence  to  the 
tenacity  of  the  foil  of  which  their  banks  are  compofed.  Whatever  the  caufc 
may  be,  the  tfft€t  very  clearly  points  out  fuch  fituatious  as  the  propcrcft  for 
placing  towns  in. 

them  ; 
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them ;  but  the  leafl:  inflexion  of  tourfe  has  the  e^A  ^throw^ 
ing  the  current  againA  the  bank ;  and  if  this  happens  in  a  pattt 
where  the  foil  is  compofed  of  looie  fand^  k  prodlices  in  time  a 
ferpentine  winding. 

It  is  evident,  that  the  repeated  additioas  made  to  the  fhelving 
bank  before  mentioned,  become  in  time  an  encroachment  on 
the  channel  of  the  river ;  and  this  is  again  counter-balanced  by 
the  depredations  made  on  the  oppofite  fteep  bank,  the  frag- 
ments of  which,  either  bring  about  a  repetition  of  the  cifcum* 
ftances  above  recited,  or  form  a* bank  or  (hallow  in  the  midft  of 
the  channel.  Thus  a  fteep  and  a  (helving  bank  are  alternately 
formed  in  the  crooked  parts  of  the  river  (the  fteep  one  being 
the  indented  fide,  and  the  (helving  one  the  proje&ihgj ;  and 
thus,  a  continual  flu6tuation  of  courfe  is  induced  ih  all  the 
winding  parts  of  the  river ;  each  meander  having  a  perpetual 
tendency  to  deviate  more  and  more  from  the  line  of  thie  general 
courfe  of  the  river,  by  eating  deeper  into  the  bays,  iind  at  tfce 
fame  time  adding  to  the  points,  till  either  tiie  oppofite  bays 
meet,  or  the  ftream  breaks  through  the  narrow  iftfimuv  ^^ 
reftores  a  temporary  ftraightnefs  to  the  channel. 

Several  of  the  windings  of  the  Ganges  and  its  bcancheaare 
faft  approachihg  to  this  ftate ;  and  ih  others,  it  aftuaify  exiftb  aC 
prefent.  The  experience  of  thefe  changes  fhould  operate  agaihft 
attempting  canals  of  any  length,  in  the  higher  parts  of  tfie 
country ;  and  I  much  doubt,  if  any  in  the  lower  parts  would 
long  continue  navigd)le.  During  eleven  y^ears  of  my  reddence 
in  Bengal,  the  outlet  or  head  of  the  Jellinghy  River  w«  gra- 
dually removed  three  quarters  of  a  mile  farther  down  :  and  by 
two  furveys  of  a  part  of  the  adjacent  bank  of  the  Ganges, 
taken  about  the  diftance  of  nine  years  from  each  other,  it  ap- 
peared that  the  breadth  of  an  Englifh  mile  and  a  half  had  been 

taken 
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taken  away.  This  is,  however,  the  moft  rapid  change  that  I 
have  noticed ;  a  mile  in  ten  or  twelve  years  being  the  ufual 
rate  of  incroachment,  in  places  where  the  current  ftrikes  with 
the  greateft  force,  namely,  where  two  adjoining  reaches  ap* 
preach  neareft  to  a  right  angle.  In  fuch  fituations  it  not  unfre- 
quently  excavates  gulfs  *  of  confiderable  length  within  the 
bank.  Thefe  gulfs  are  in  the  direction  of  the  ftrongeft  parts  of 
the  ftream ;  and  are,  in  fafl:,  xS\t  young  JhooU  (if  I  may  foexprefs 
myfelf )  which  in  time  ftrike  out  and  become  branches  of  the 
river ;  for  we  generally  find  them  at  thofe  turnings  that  have 
the  fmallefl  angles  +. 

Two  caufes,  widely  different  from  each  other;  occafion  the 
meandering  couries  of  rivers ;  the  one,  the  irregularity  of  the 
ground  through  which  they  run,  which  obliges  them  to 
wander  in  queft  of  a  declivity ;  the  other,  the  loofenefs  of 
the  ioiA^  which  yields  to  the  fri6tion  of  the  border  of  the 
ftream.  The  meanders  in  the  firft  cafe,  are,  of  courfe,  as 
digreffive  and  irr^ulaf  as  the  furface  they  are  projedled 
cHi:  but^  in  the  latter,  they  are  fb  far ,  .reducible  to  rule, 
that  rivers  of  unequal  bulk  will,  under  iimilar  circuniftances, 
take  a  circuit  to  wind  in,  whoie  extent  is  in  proportion 
•to   their   refpe£live   breadths ;    for    I    have    obferved,    that 

*  The  Count  ds  buffok  advifet  Che  digging  of  fuch  gulfs  in  the  banks  of 
ordinary  rivers,  with  a  view  to  divert  th6  curi^nt,  whta  bridges  or  other  buiM- 
ingB  are  endangered  by  it. 

t  The  couries  of  thefe  branches  at  the  effltix,  generally,  if  not  always,  become 
retrograde  to  the  courfe  of  the  river :  for,  a  land  bank  accamulating  at  the  upper 
point  of  feparation,  gives  an  oblique  dire6Hon  upwaMs,  to  Che  ftream,  which  would 
otherwife  run  out  at  right  angles.  This  fand  bsuik  being  akrajr^on  the  increafe, 
occafions  a  corrofion  of  the  oppofite  bank  ;  and  by  this  means  411,  or  moft  of  the 
outlets  have  a  progreffive  motion  downwards ;  as  I<have  before  remarked  of  the 
Jellinghy  River,  in  the  foregoing  page. 

Vol.  LXXI.  O  when 
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when  a  branch  of  the  Ganges  is  fallen  fb  low  as  to  occupy- 
only  a  part  of  its  bed,  it  no  longer  continues  in  the  line  of  its 
old  courfe ;  but  works  itfelf  a  new  channel,  which  winds  from 
fide  to  fide  acrofs  the  former  one,  I  have  obierved  too,  that  in 
two  ftreams,  of  equal  fize,  that  which  has  the  floweft  cur- 
rent has  alfo  the  fmalleft  windings  :  for  as  thefe  (in  the  prefent 
cafe)  are  folely  owing  to  the  depredations  made  on  the  banks 
by  the  force  of  the  current;  fo  the  extent,  of  thefe  depreda- 
tions, or,  in  other  words,  the  dimenfions  of  the  windings,  will 
be  determined  by  the  degree  of  force  a£ling  on  the  banks. 

The  windings  of  the  Ganges  in  the  plains,  are,  doubtlefs, 
owing  to  the  loofenefs  of  the  foil :  and  (I  think)  the  proof  of 
it  is,  that  they  are  perpetually  changmg ;  which  thofe,  origi- 
nally  induced  by  an  inequality  of  furface,  can  feldom,  or  never 

do*.  .    .  '     ' 

I  can  eafily  fuppofe,  that  if  the  Ganges  wias  turned  into  a 

ftraight  canal,  cut  through  the  ground  it  now  traverfes  in  the 
moft  winding' parts  of  its  eourfe,  its' ftraightnefs  would  be 
of  fhort  duration.  Some  yielding  part  of  the  bank,  or  that 
which  happened  to  be  the  moft  ftrongly  afted  on,  would  firft 
be  corroded  or  diffolved  :  thus  a  bay  or  cavity  would  be  formed 
in  the  fide  of  the  bank.  This  begets  an  infle<aion  of  the  cur- 
rent, which,  falling  obliquely  on  the  fide  of  the  bay,  corrodes 
it  inceflantly.     When  the  current  has  paffed  the  innermoft 

part  of  the  bay,  it  receives  a  new  direftion,  and  is  thrown 

•     »• 

♦  It  has  been  »cn»rkcd,  that  thecourfes  of  rivers  become  more  winding,  as 
they  approach  the  fea,  Thia,  1  believe,  will  only  hold  good  in  fuch  as  take  the 
latter  part  of  ;tbeir  ^lurfe  throif^  a .  fendy  -foiL  In  the-  Ganges,  and  otbef  rivers 
fuBjca  to  conWey?*^  variations  in.  the  bulk  of  .their  ftreams,  thebeft  marks  of 
the  vicinity  of  the  fea,  are,  the  lowncfs  of  the  rxyer  banks,  and  the  incrcafing 
omddinefs  of  the  ihallpws  in  its  bed. 

(  '  ,  oblicjucly 
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obliquely  towards  the  oppofite  fide  of  the  canal,  depofiting  in 
its  way  the  matter  excavated  from  the  bay,  and  which  begins 
to  form  alhallow  or  bank  contiguous  to  the  border  of  the  cand. 
Here  then  is  the  origin  of  fuch  windings  as  owe  their  exiftence 
to  the  nature  of  the  foil.  The  bay,  fo  corroded,  in  time  be- 
comes large  enough  to  give  a  liew  diredlion  to  the  body  of  the 
canal :  and  the  matter  eJccavated  from  the  bay  is  fo  difpofed  as 
to  affift  in  throwing  the  current  againft  the  oppofite  bank, 
where  a  procefs,  fimilar  to  that  1  have  been  defcribiug,  will  be  . 
begun. 

The  adion  of  the  current  on  the  bank  will  alfo  have  the 
efFeft  of  deepening  the  border  of  the  channel  near  it ;  and  this 
again  increafes  the  velocity  of  the  current  in  that  part.  ThMSf 
would  the  canal  gradually  take  a  ne^y  form,  till  it  became  what', 
the  river  now  is»  Even  when  the  windings  have  leflened  the 
defcent  one  half,  we  ftill  find  the  current  too  powerful  for  the 
banks  to  withfland  it. 

There  are  not  wanting  inftances  of  a  total  change  of  coUrfe. 
in  fome  of  the  Bengal  irivers*.  TheCofa  River  (equal  to  the 
Rhine)  once  ran  by  Purneah,  and  joined  the  Ganges  oppofite 
Rajemal.  Its  junftion  is  now  45  miles  higher  up.  Gour,  the 
ancient  capital  of  Bengal,  flood  on  the  banks  pf .  the  Ganges. 

Appearances  favour  very  ftrongly  the  opinion,  that  the 
Ganges  had  its  former  bed  in  the  tra£t  now  occupied  by  the 
lakes  and  morafles  between  Nattore  and  Jaffiergunge,  ftriking 
out  of  its  prefent  courfe  at  Bauleah,  and  pafiing  by  Pootyah. 
With  an  equal  degree  of  probability  (favoured  by  tradition)  we 
naay  trace  its  fuppofed  courfe  by  Dacca,  to  a  junction  with  the 
Burrampooter  or  Megna  near  Fringybazar ;  where  the  accumu- 

*  The  Mootyjyl  lake  is  one  of  the  windbga  of  a  former  channel  of  the  Cof- 
fimbuzar  River. 

O  2  lation 
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lation  of  two  fuch  niighty  ftreams  probably  fcooped  out  the^ 
prcfent  amazing  bed  of  the  Megna  *. 

In  tracing  the  fea  coaft  of  the  Delta,  we  find  no  Icfs  thatt 
eight  openings ;  each  of  which,  without  hefitation^  one  pro- 
nounces to  have  been  in  its  time  the  principal  mouth  of  the 
Ganges.  Nor  is  the  occafional  deviation  of  the  principal  branch,^ 
probably,  the  only  cauie  of  fluctuation  in  the  dimenfions  of  the 
Delta.  One  obferves,  that  the  Deltas  of  capital  rivers  (the 
tropical  ones  particularly)  encroach  upon  the  iea.  Now,  is 
not  this  owing  to  the  mud  and  fand  brought  down  by  the  rivers^ 
and  gradually  depofited^  £rom  the  remoteft  ages  down  to  the 
prefent  time  ?  The  rivers,  we  know,  are  loaded  with  mud  and 
fand  at  their  entrance  into  the  iea ;  and  we  alfo  know,  that  the 
fea  recovers  its  tranfparency  at  the  diftance  of  twenty  leagues 
from  the  coaft ;  which  can  only  arife  from  the  waters  havingr 
precipitated  their  earthy  particles  within  thatipace*  The  fan<l 
and  mud  banks  at  this  time,  extend  twenty  miles  o6F  {(xne  of' 
the  ifl^mds  in  the  mouths  of  the  Ganges,  and  Burrampooter ;  »icl 
m  many  places  rife  within  a  few  feet  of  the  fur  face*  Some 
future  generation  will  probably  fee  theie  banks  rife  above  water, 
afid  fucceeding  ones  pc^fs  and  cultivate  them  !  Next  to  earth- 
quakes, perhaps  the  floods  of  the  titopical  rivers  produce  the 
quickeft  alterations  in  the  face  of  our  globe.  Extenfive  iflands 
are  formed  in  the  channel  of  the  Ganges,  durirtg  a  period  far 
ihort  of  that  of  a  mane's  life ;  fb  that  the  whole  procefs  lies^ 


*  Megna  and  Burrampooter  are  aames  belongiog  to  the  fame  rirer  in  different 
pares  of  its  couife*  The  Megna  falh  into  the  fiurnunpooter ;  and,  though  a  much 
faialler  siver^  coaunuaicato  ita  same  toi  the  othar  during  the.  reft  of  its 
couriiu  . 

within 
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within  the  compafs  of  his  obfervation  *.    Some  of  tfaeie  iflands, 
four  or  five  miles  in  extent,  are  formed  at  the  angular  turnings 
of  the  river,  and  were  originally  large  fand  banks  thrown  up 
round  the  points  (in  the  manner  before  defcribed)  but  after^ 
wards  infulated  by  breaches  of  the  river.     Others  are  formed 
m  the  ibraight  parts  of  the  river,  and  in  the  middle  of  the 
ftream ;  ^d  owe  their  origin  to  fbme  obftru£iion  lurking  at  the 
bottxmu     Whether  this  be  the  fragments  of  the  river  bank ;  a 
large  tree  fwept  down  from  it ;  or  a  funken  boat ;  it  is  fufficient 
for  a  founciation :  and  a  heap  of  fand  is  quickly  colleded  below 
k.    This  accumulates  amazingly  fad: :  in  the  courie  of  a  few 
years  it  peeps  above  water,  and  having  now  ufurped  a  confi* 
derable  portion  of  the  channel,  the  river  borrows  on  each  fide 
to  fupply  the  deficiency  in  its  bed ;  and  in  fiich  parts  of  the 
liver  we  always  find  fteep  banks  on  both  fides  f.     Each  periodi- 
cal flood  brings  an  addition  of  matter  to  this  growing  ifland ; 
increafing  it  in  height  as  well  as  extenfion,  until  its  top  is  per* 
fe£^ly  on  a  level  with  the  banks  that  include  it :  and  at  that 
period  of  its  growth  it  has  mould  enough  on  it  for  the  pur^ 
pofes  of  cultivation,  which  is  owing  to  the  mud  left  on  it  when 
the  waters  fubfide,  and  is  indeed  a  part  of  the  ceconomy  which 
nature  oblerves  in  fertilizing  the  lands  in  general* 

VVhilft  the  river  is  forming  new  iflands  in  one  part,  it  is 
fweeping  away  old  ones  in  other  parts;  In  the  progrefs  of  this 
deftru£live  operation,  we  have  opportunities  of  obferving,  by 
means  of  the  feftions  of  the  falling  bank,  the  regular  diftri- 

*  AecordbgJ^i  the  laws  oeipe£ting  aUuvion  are  aicertaincd  with  great  pre*. 

ClfioD. 

f  This  evidently  points  out  the  means  for  preventing  encroachments  on  a 
river  bank  in  the  ftraight  paits  of  its  courfe,  viz^  to  jremove  the  ihallows  in  the 
aiddte  of  its  channeL 

bution 
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bution  of  the  feveral  ftrata  of  fand  and  earths,  lying  above 
one  another  in  the  order  in  which  they  decreafe  in  gravity.  As 
they  can  only  owe  this  difpofition  to  the  agency  of  the  ftream 
that  depofited  them,  it  would  appear,  that  thefe  fubftances  are 
fufpended  at  different  heights  in  the  ftream,  according  to  their 
refpcftive  gravities.  We  never  find  a  ftratum  of  earth  under 
one  of  fand ;  for  the  muddy  particles  float  neareft  the  furface  *. 
I  have  counted  feven  diftindt  ftrata  in  a  feftion  of  one  of  thefe 
iflands.  Indeed,  not  only  the  iflands,  but  moft  of  the  river 
banks  wear  the  fame  appearance :  for  as  the.  river  is  always 
changing  its  prefent  bed,  and  verging  towards  the  fite  of  fome 
former  one  now  obliterated,  this  muft  neceflarily  be  the  cafe. 

As   a  flrong  prefumptive  proof  of  the   wandering  of  the 
Ganges  from  the  one  fide  of  the  Delta  to  the  other,  I  rnufl  ob- 
serve, that  there  is  no  appearance  of  virgin  earth  between  the 
Tiperah  Hills  on  the  eaft,  and  the  province  of  Burdwan  on  the 
weft ;  nor  on  the  north  till  we  arrive  at  Dacca  and  Bauleah. 
In  all  the  fe£lions  of  the  numerous  creeks  and  rivers  in  the 
Delta,   nothing  appears  but  fand  and  black  mould  in  regular 
flrata,  till  we  arrive  at  the  clay  that  forms  the  lower  part  of 
their  beds.     There  is  not  any  fubftance  fo  coarfe  as  gravel 
either  in  the  Delta  or  nearer  the  fea  than  400  miles  +,  where  a 
rocky  point,  a  part  of  the  bafe  of  the  neighbouring  hills,  pro- 
jefts  into  the  river :  but  out  of  the  vicinity  of  the  great  rivers 
the  foil  is  either  red^  yellow,  or  of  a  deep  brown. 

*  A  glafs  of  water  talcen  out  of  the  Ganges,  when  at  its  height,  yields  about 
die  pftrt  4n  four  of  mud.  No  wonder  then  that  the  fubfiding  waters  Ihould 
quickly  form  a  flratum  of  earth ;  or  that  the  Delta  ihould  encroach  upon  the 
iba! 

t  At  Oudanulla. 

I  come 
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I  come  now  to  the  particulars  of  the  annual  fwelling  and 
overflowing  of-  the  Ganges  *. 

It  appears  to  owe  its  increafe  as  much  to  the  rain  water  that 
falls  in  the  mountains  contiguous  to  its  fource,  and  to  the 
fources  of  the  great  northern  rivers  that  fall  into  it,  as  to  that 
which  falls  in  the  plains  of  Hindooftan  ;  for  it  rifes  fifteen  feet 
and  a  half  out  of  thirty-two  (the  fum  total  of  its  rifing)  by  the 
latter  end  of  June :  and  it  is  well  known,  that  the  rainy  feafon 
does  not  begin  in  nioft  of  the  flat  countries  till  about  that  time* 
In  the  mountains  it  begins  early  in  +  April ;  and  by  the  latter 
end  of  that  month,  when  the  rain-water  has  reached  Bengal, 
the  rivers  begin  to  rife,  but  by  very  (low  degrees ;  for  the  in- 
creafe is  only  about  an  inch  per  day  for  the  firft  fortnight.  It 
then  gradually  augments  to  two^and  three  inches  before  any 

*  An  opinion  has  long  prevailed,  that  the  fwelling  of  the  Ganges,  previous  to 
the  commencement  of  the  rainy  feafon  in  the  flat  countries,  is  in  a  great  meafure 
owing  to  the  melting  of  the  fnow  in  the  mountains,  I  will  not  go  fo  far  as  totally 
to  di&Uow  the  h& ;  but  can  by  no  means  fuppofe,  that  the  quantity  of  fnow 
water  bears  any  proportion  to  the  increafe  of  the  river. 

t  The  vaft  coUeftion  of  vapours,  wafted  from  the  fea  by  the  foutherly  or 
fomh-weft  monfoon,  are  fuddenly  flopped  by  the  lofty  ridge  of  mountains  that  runs 
from  eaft  to  weft  through  Thibet.  It  is  obvious,  that  the  accumulution  and  con- 
denfation  of  thefe  vapours,  muft  firft  happen  in  the  neighbourhood  of  the  obftacle; 
and  fucceffively  in  places  more  remote,  as  frefb  fupplies  arrive  to  fill  the  atmo- 
fpherci  Hence  the  priority  of  commencement  of  the  rainy  feafon  in  places  that 
lie  neareft  the  mountains. 

All  the  rivers  that  are  fituated  within  the  limits  of  the  monfoons,  or  ftiifting 
trade  winds,  are  fubje6t  to  overflowings  at  annually  ftated  periods,  like  the 
Ganges :  and  thefe  periods  return  during  the  feafon  of  the  foutherly  wind,  that 
being  the  only  wind  which  brings  vapours  from  the  fea ;  and  this  being  periodical, 
the  falls  of  rain  rouft  neceflarily  be  fo  too. ' 

The  northerly  wind,  which  blows  only  over  the  land,  is  dry ;  for  no  rain 
(except  cafual  ibowers)  falls  during  the  continuance  of  that  monfoon. 

quantity 
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-quantity  of  rain  fells  in  the  flat  countries ;  and  when  the  rain 
becomes  general,  the  increafe  on  a  medium  is  five  inches  ptr 
jdzy.  By  the  latter  end  of  July  all  the  lower  parts  of  Bengal^ 
vcontiguous  to  the  Ganges  and  Burrampooter,  are  overflowed, 
and  form  an  inundatioa  of  more  than  a  hundred  miles  in  width ; 
nothing  appearing  but  villages  and  trees,  excepting  very  rarely 
the  top  of  an  elevated  fpot  (the  artificial  mound  of  fome  de« 
^fcrted  village)  appearing  like  an  ifland. 

The  inundations  in  Bengal  differ  from  thofe  in  Egypt  in  this 
particular,  that  the  Nile  owes  its  floods  entirely  to  the  rain- 
water that  falls  in  the  mountains  near  its  fource ;  but  the  inun- 
^iations  in  Bengal  are  as  much  occafioned  by  the  rain  that  falls 
there,  as  by  the  waters  of  the  Ganges  ;  and  as  a  proof  of  it,  the 
lands  in  general  are  overflowed  to  a  confiderable  height  long 
before  the  bed  of  the  river  is  filled,  •  It  mud  be  remarked,  that 
the  ground  adjacent  to  the  river  bank,  to  the  extent  of  fome 
miles,  is  confiderably  higher  than  the  reft  of  the  country*, 
and  ferves  to  feparate  the  waters  of  the  inundation  from  thofc 
of  the  river  until  it  overflows.  This  high  ground  is  in  fome 
feafons  covered  a  foot  or  more  ;  but  the  height  of  the  inunda« 
tion  within,  varies,  of  courfe,  according  to  the  irregularities  of 
the  ground,  and  is  in  fome  places  twelve  feet. 

Even  when  the  inundation  becomes  general,  the  river  ftill 
fhews  itfelf,  as  well  by  the  grafs  and  reeds  on  its  banks,  as  by 
its  rapid  and  muddy  ftream ;  for  the  water  of  the  inundation 
acquires  a  blackifh  hue,  by  having  been  fo  long  ftagnant 

*  This  property  of  the  bank  is  well  accouDted  for  by  Count  buffok,  wiio 
imputes  it  to  the  precipitation  of  mud  made  by  the  waters  of  the  river,  when  it 
overflows.  The  ittundationi  fays  he,  purifies  itfelf  as  it  flows  over  the  plab ;  fo 
that  the  precipitation  muft  be  grcateft  on  the  parts  neareft  to  the  margin  of  the 
river. 

amongfl 
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atnongft  grafs  arid  6tber  vegetables :  nor  does  it  ever  lofethif 
tinge,  which  is  a  proof  of  the  predominancy  of  the  rain  water 
over  that  of  the  river ;  as  the  ik>w  rate  of  motbn  pf  the  y^un* . 
dation  (which  does  not^esQC^^  half  a  mile  p(r  hpyr)  is  of  the 
remarkable  flatnefs  of  the  country. 

There  are  particular  tra^s  of  land,  which  ^  from  the  nature 
of  their  culture,  and  fpcpies  of , productions,  require  lefs  moif'* 
ture  than. others;  and:  yet,  ,|:\y[^the  lownefs  of  their  fituation, 
would  remain  too  long  inuiid^tfjd,  were  they  not  guarded  by 
dikes  or  dams,  from  f^  copiovs  an  inundation  as  would  other* 
wife  happen  from  the  great  elevation  of  the  furface  of  the  river 
above  them*.  .  Theie  ^e^  are  kept:  up  at;  an  epormous  expence ; 
and  yet  do  nait.idway s  fucfleed, *  forwant  of  tenacity  in  the  foil 
of  which  they  are  :Qompd|ed* 

During  the  fwohi  fl^teof  the  river,  the  tide  totally  lofes  its 
efiecfl  of  counteracting  the  ftream ;  and  in  a  great  meafure  that 
of  ebhiDgiisilftMwing,  except  very  near  the  fea,  It  is  not  un- 
CGmmda(fi)C  a  ftroQg  Mrindj  that  blows  up  the  river  for  any  con- 
tinuance, to  fwell  the  waters  two  feet  above  the  ordinary  level 
at  that  feafbn :  and  fuch  accidents  have  occafioned  the  lofs  of 
whole  crops  of  rice**  A  very  tragical  event  happened  at 
Luckippur  +  in  1763,  by  a  f^ronggale  of  wind  confpiring  with 
a  high  Ipring  tide,  at  a  feafbn  when  the  periodical  flood  was 
within  a  foot  and  half  of  its  higheft  pitch.  It  is  faid  that  the 
waters  rofe  fix  feet  above  the  orduiary  level*     Certain  it  is,  that 

m 

*  The  ric«  I  fpeak  of  u  of  a  particular  kind ;  for  the  growth  of  its  (talk 
keq>t  pao#  with  the  increafe  of  the  flood  at  ordinary  times,  but  is  deftroyed  by^u 
too  fudden  rife  of  the  water.  The  harveft  is  often  reaped  in  boats^  There  is  alfo 
a  kind  of  grafs  which  overtops  the  ^ood  in  the  lape  manner,  ax^d  at  a  iinaU 
difiaoce  has  the  apppaiancc  of  a  field  of  the  richeft  verdure. 

f  This  place  is  fituated  about  fifty  nflles  from  the  fea. 
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tht  inhabitants  of  a  confiderable  diftrid^  widi  their  houfes  and 
cattle,  were  totally  fwept  away  j  and,  to  aggravate  their  dif- 
trefs,  k  happened  in  a  piart  of  the  countjfy  which  fcarce  pro^ 
duces  a  fingle  tree  for  a  drowning  man  toefeafpe  to»        * 

Embarkations  of  every  kind  traverfe  the  inundation :  thof& 
bound  upwards,  availing  themfelves  of  a  direct  courfe  and  ftill 

water,  at  a  fea(bn  when  every  ftream^  mftes  like  a  tanrent.  The 

• 

wind  too,  which  at  this  feafon  blowa  regukfiy  fr<»n  the  foQth- 
eaft  *,  favours  their  progrefs  5  iniothDch^  that  a  Voyage,  which 
takes  up  nine  or  ten  days  hj  thfc  cowfe  of  the  river  when  coiv^ 
fined  within  its  banks»  is  now  eSofted  in  fix.  Hufhandcy  and 
grazing  are  both  fufpen^ ;  and  th^  peafant  tniverfea  in  hi» 
boat,  thofe  fields  wHch  in  another  ibaibil  he  wto  woUt  ta 
plow;  happy  that  the  elevated  fite*  of  the  fiver  bank^  place 
the  herbage  they  contaki,  within  his  reach,,  othetwife  his  cattl& 
muil  perifh* 

The  following  is  a  tibfe  of  the  girad!ual  memife  of  fhe 
Ganges  and  its  branches,  according  to  cMervotknu^  XBidk  at 
^^llinghy  and  Etecca. 


At  Jdling^y. 
In  Majr  it  rofe 

Ft. 

6 

Inv" 
or 

At  Dacca. 

.  Ft.  In.  . 
2      ♦ 

June        -         «        - 

9 

6 

4     A 

Jufy        .        -        . 
In  the  firft  half  of  Avgvft 

12 
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o> 

5    ^ 
I  It 

* 

y. 

0 

«4    ^ 

*  Although  in  the  golf  or  bay  of  Bengal  Hie  monfooft  Klovf  fror»  the  S.S.W. 
and  S.W.  yet  in  the  eafiemand  norcbero^t^  of  Beoga!  It  blowt  ftom  the  S.£. 
or  £,S.£. 

I  Thefe 


'IWe,obfervat!i9ns  were  niade  4ii  a  feafon,  yrht»  the  waters 
rofe  rather  higher,  than,  ufual;  fo  that  we  may  Cake  31  fectf^r 
thie  medlif m  of  the  incroafe.  ^ 

The  inundatiou  ^  jx^^tlj  at  a  (land  for  feme  days  {Mreceding 
the  middle  of  Aitguft»  whea  it  begins  to  nux  off;  for  although 
'  great  quaatitie&  of  nkn  fall  in  the  flat  countries,  during  A^guft 
and  September,  yet,  by  a  partial  cefladon  of  the  rains  in  the 
moimtaiAS^  thece  ha^ppe!^^  ^  deficiency  in  the  fupplies  necefiary 
to  Jb^  ,«p  the.lnuo4atioQ  \  The  quantity  of  the  daily  dfe- 
creaie  :af  r^e  river  is  nearly  in  the  following  proportion : 
durii:^ .  the  latter  hftlf  ^f  AuguA,  and  dl  September,  from 
^  three^to  four  inches ;  from  September  to  the  end  of  November, 
it  gradually Jeifens  from  three  inches, to  an  inch  and  a  half; 
and  from  Noyember  to  the  latter  end  of  April,  it  is.  only  half 
an  inch  ^  day  at  a  medium.  Thefe  proportions  muft  be  uh* 
decflood  to  relate  to  fuch  parts  of  the  river  as  are  removed 
from  the  influence  of  the  tides ;  of  which  more  will  be  faid 
by  and  by*  The  decreale  of  the  inundation  does  not.  always 
keep  pace  with  that  of  the  river,  by  reafon  of  the  height  of 
the  banks;  but  after  the  beginning  of  Odober,  when  the  rain 
has  nearly  ceafed,  the  remainder  of  the  inundation  goes  off 
<]uickly  by  evaporation,  leaving  the  lands  highly  manured,  and 
in  a  fiate  fit  to^  receive  the  feed,  after  the  (imple  operation  of 
plowing.  • 

There  is  a  circumflance  attending  the  increale  of  the  Ganges, 
and  which,  I  believe,  is  little  known  or  attended  to ;  becaufe 
few  people  have  made  experiments  on  the  heights  to  whiph  the 

*  I  have  ftated  the  middle  of  Atignft  for  the  period  When:  the  waters  begin  to 
run  oiF;  and  in  general  it  happens  with  more  regularity  than  the  yipiflitvdes  of  the 
ftafoDs  do.  But  there,  are  exceptions  to  it  i  for  in  the  jrear  1774  the  rivers  kept 
up  for  near  a  month  after  the  ufual  time. 

P  2  periodical 


'  periodical  'flood  nfes  in  (Ufierent  ptaceS.  The  circuihftkftce  I 
allude  to,  is,  die  diilerenceof  the  quantity  of  theincreife  ^s^ 
exprefied  in  the  foregoing  tgble)  iii  plates'  liibre  bl-  lef&  rentiotCL- 

•  from  thej(ea.  It  is  a  fafl-,  confirmed  by. repeated  experiments,, 
that  /roiix  about'  the  place  where  the  ticfef  commbncesV  to  the  ihk^ 
the  height  of  'the  peripdical  jAcreafe  difemilhes  gfadualfy,  xmtal 

it  totally  difappears  at  the  point  of  c6nfl\i6nce.     Indeed,  this  is 

<  iti        <*••         *•        ,*  ,       _ 

perfedtly  conformable  to  the  known  laws  of  fluids :  the  Ocean 
preferves  the  fame  level  at  all  feafehs  (under  fitail^r  ciitu'm- 
ftaxices  q/*  tide)  and  i^eceflarjly  ihflilences  thfe'  level  '6f  all  the 
waters  that  communicate  with  it,  untefs'ptwiipitited  in  the  form, 
of  a  cataraft.  Could  we  fuppofe,.  for  a  moment^  ttiat  the  ih- 
creafed  column,  of  water,  of  31  feet  perpendicular;^  was  conti- 
nued ail  the  way  to  the  fea,  by  fome  preternatural  iagency : 
whenever  that  agency"  was  removed,  the  hfead  of  the  columrt 
would  diiHift  itfelf  over  the  Ocean,  and  the  remaining  parts, 
would  follow^  from  as  far  back  as  the  influence  of  the  Otean 

'  extended ;  fbrmmg  a  flope,  whofe  perpendicular  he^ht  would 
be  31  feet.  This  is  the  precjfe^ftate  in  which  we  find  it.  At 
the  point  of  Jundioa  with  the  fea,  the  height  is  the  fame  in 

,  both  feafons  at'equal  times  of  the  tide.  At  Ltickiponr  there 
is  a  ^fference  of  about  fix  feet  between  the  heights  in  the  cUf- 
ferent  feafons ;  at  Dacca,  and*  places'  adjacent,  1 4 ;  and  near 
Cuftee,  31  feet.  Here  then  H  a  Fegular  flope ;  for  the  diftances 

'  between  the  places  bear  a  proportion  to  the  relpeftive  he^hts. 
This  Hope  muft  add, to  the  rapidity  of  the  ftream;  ft)r,  ftrp- 
pofing  the  defcent  to  have  been  ori^nally  four  inches  per  mile, 
this  will  increafe  it  to  about  five  and  an  half.  Cuftee  is  about 
140  miles  from  the  fea,  by  the  courfc  of  the  rivec;  and  the 
furface  of  the  river  there,  during  the  dry  ieafon^  is  about  80 

ieer 


Gatigas  ^Mfi/Burrampootor  Rhirs.  ^  ic^ 

feet*  above  tiie  let^l  pf  the'  fea  at  high  water  *.  Thus  fsit  does 
the  Ocean  manifeft  its  dominion  in  both  ieafons :  in  the  one  by 
the  ebbing  and  flowing  of  its  tides ;  and  in  the  other  by  de- 
preilihg  the  periodical  flood,  till  the  furface  of  it  coincides  as 
nearly  with  its  own,  as-  the  defcent  of  the  chamiel  of  the  river 
will  admit  ^l 

Similar  circumfknces  take  plaoe  in  the  Jellmghy,  Hoog^y,. 
and  Burrampooter  Rivers ;  and,  I  fuppofe,  in  all  others  that 
are  fubjed  either  to 'periodical  or  bccafional  fwellings*. 

Not  only  doe^the  flood  diminifh:  near  the  fea,  but  the  river 
banks  dlmihifli  in  the  fame  proportion  ;•  (b  that  in  the  dry  fea^^^ 
fon  the  height  of  the  periodical  flood  nlay  be  known  by  that 
of  the  bank*  ^ 

?*am.  aware  of  an  objedlionthat  may  be  made  to  the  above* 
folution ;  which  is,  that  the  lownefs  of  the  banks  in  places 
near  the  iea,  is  the  true  reafon  why  the  floods  do  not  attain  fb 
confiderable  a  height,  as  in  places  farther  removed  from  it,  and 
where  the  banks  are  high-^  for  that  the  river,  wanting  a^bank 
to  confine  it, .  difRifes  itfelf  over,  the  furface  of  the  country.   In : 

*  The  ticks  in  the  River  Amazons  arc  perceptible  at  600  miles  above>iis 
mouth ;  but  at  an  eldvation  of  only  90  feet,  according  to  M.  he  cond amine.    It 
remains  to  be   told  what  ^the  ftate  of  the  river,  was  at  the  tiitie  of  nuiking  .the 
experiment ;  becaufe  th«^bind^oodi  have  the  effeS  of  fliortening the  limits  of  xh%: 
tide'j  way. , 

t-The  Count  d*^  buffon  has  flightly  meutidned  this  circumflance  attending 
the  (welling  ^f  rivers;  but  imputes  it^  to  the  increafed  velocity  of  the  current,  as  ■ 
the  river  approaches    the  fea:    which,  fays  he,  carries-  off.  the.  inundacioo*  fo  • 
^Hick,as  to*  abate  its.  height.    Now « (with  the  utmofl  deference  to  fo  great  an  < 
authority)  I  could- hevcp  perceive,  that  the  curreat,  either  in  the  Ganges,  or  any 
other  river,, was.  ftcoag^r  i)car  the  fea  than  at  a  diftance  from  it.     Even  if  we 
admit  aq  acceleration  of  the  current  during  the  ebb  tidc^  the  flax  retards  it  in  fo  > 
con&derahlea  degrcfe,  as  at  lead  to  conntcr  balai^.f  the  effeAs-  produced  by  the  * 
leropprary  increafe  of  velocity^ 

aufwer;* 
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aufwer  t^thls,  I^allob&fve,  that  it  1$  proved  by  experiment, 
that  at  any  ^en  time,  die  qinmtiQr  of  the  iacreafe  in  difierent 
places,  beais  a  juft  {^eopoftbn  to  the  (um  total  of  the  increafe 
in  each  place  rei^eaivclf :  or,  in  other  words,  that  when  the 
river  has  xtfen  three  feet  at  Dacca,  where  the  whole  vAng  is 
about  14  feet^  it  w^i  have  lofe  upwai^ds  of  fyi  feet  and  a 
iialf  at  Cttilee,  where  it  riies  31  &et  in  alL 

The  x|aantit7  <rf  water  difcharged  by  the  Ganges,  in  one 
fecond  of  time,  during  the  dry  ieafi^n,  is  80,000  cubic  feet ; 
^ut  In  the  place  where  the  experiment  was  made,  the  river, 
when  fuil,  has  thrice  the  vahone  of  water  in  it ;  and  its  mo- 
tion  ts  alio  accelerated  in  the  proportion  of  5  to  3  :  {o  that  the 
<][uaiiitity  difcharged  in  a  fecond  at  that  ieafon  is  405,000  cubic 
feet.  If  we  take  the  medium  the  whole  year  thiOHsgb,  it  will 
he  nearly  iSo^ooo  cubic  feet  in  a  iecond. 


TTHE  Burrampooter,  which  has  its  fburce  from  the  oppofite 
<ide  of  the  fame  mountains  that  give  rife  to  the  Ganges,  firft 
takes  its  courie  eafhvard  (or  direftly  oppofite  to  chat  of  the 
Ganges)  through  the  country  of  Thibet,  where  it  is  named 
Sanpoo  or  Zanciu,  whidi  bears  the  fame  interpretation  as  the 
Gonga  of  Hindooftan :  namely,  the  River.     The  courfe  of  it 
through  Thibet,  as  ^iven  by  Father  dv  halds,  and  formed 
into  a  map  by  Mr.  d^anvil^e,  though  fufficiently  exa£t  for 
the  purpofes  of  general  geography,  is  not  particular  enough  to 
afcertain  the  precife  length  of  its  courfe.    After  winding  with 
a  rapid  current  through  Thibet,  it  waihes  the  1)order  of  the  ter- 
ritory of  LafTa  {in  which  is  the  reiidence  of  the  grand  Lama) 
and  then  deviating  from  an  eaft  to  a  ibuth-eaft  courie,  it  ap- 
|vroaches  within  zzo  miles  of  Yunan>  the  wefternmoft  province 
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df  China.  Here  it  appears,  as  if  undetermined  whether  to 
attempt  a  paflage  to  the  fea  by  the  Gulf  of  Siam,  or  by  that  of 
Bengal ;  but  feemingly  determining  on  the  latter,  it  turns  fud- 
denly  to  the  weflb  through  Afiam,  and  enters  Bengal  on  the 
north-eaft.  I  have  not  been  able  to  learn  the  exaft  place  where  . 
it  changes  its  name ;  but  as  the  people  of  Afiam  call  it  Bur* 
rampoor,  it  would  appear,  that  it  takes  this  name  on  its  enter- 
mg  AiTam.  After  its  entry  into  Bengal,  it  makes  a  circuit 
round  the  weftem  point  of  the  Oarrow  Mountains ;  and  then, 
altering  its  courfe  to  fouth,  it  meets  the  Ganges  about  40  miles 
from  the  lea. 

Father  du  halde  expreffes  his  doubts  concerning  the  courie 
that  the  Sanpoo  takes  after  leaving  Thibet,  and  only  fiippofes 
generally  that  it  falls  into  the  gulf  of  Bengal.  M,  d'anvillb, 
his  geographer,  with  great  reafon  fuppoied  the  Sanpoo  and 
Ava  River  to  be  the  fame :  and  in  this  he  was  jufttfied  by  the 
informatioii  which  his  materials  afforded  him ;  for  the  Burram-* 
pootet  was  reprefented  to  luv>9  ^^  ^'^^  ^^  ^^^  inferior  ftreams 
that  contributed  its  waters  the  Ganges,  and  not  as  its  equal 
Or  fuperior  i  and  this  wa5  lufiicient  to  dire£l  hisiefearches,  after 
the  mouth  of  the  Sanpoo  River,  to  fome  «ther  quai  ter»  The 
Ata  River,  as  well  from  its  bulk,  as  the  bent  of  its  courfe  for 
nme  hundred  miles  above  its  nK>uth,  appeared  to  him  to  be  a 
continuation  of  the  river  in  queilioa  i  and  it  was  accordingly 
described  as  fuch  in  his  maps,  the  authority  of  wkich  wa^ 
juftly  efteenwd  as  decifive;  and,  tiH  the  year  1765,  the  Bur* 
rampooter,  as  a  capital  river,  was  unknowa  >n  Eiiropew 

On  traciQg  this  rivet  in  1 765, 1  was  no  lefs  furpri2ed,i  at  find- 
i^  it  rather  larger  than  the  Ganges,  than  at  its  courfe  previous 
^^  its  entering  Bengal.  This  I  found  to  be  from'  die  eaft  i 
^thou^i  all  the  former  accounts  reprefented  it  as  from  tile 
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^lorth  :  and  this  uncxpe<fled  difcovcry  foon  led  to  enquiries, 
\vhich  furniflied  me  with  an  accoant  of  its  general  couiie  to 
within  1 00  mifes  of  the  place  where  DU  halue  left  the  Sati* 
poo.  I  could  no  longer  doubt,  that  the  Burrampooter  and 
^anpoo  were  -one  and  the  fame  river :  and  to  this  was  added  the 
ipofitive  affurances  of  the  Aflamers,  "  That  their  river  came 
***  from  the  north-weft,  through  the  Bootan  mountains/*  And 
to  place  it  l)eyond  a  dotfbt,  that  the  Sanpoo  River  is  not  the  feme 
with  the  river  of  Ava,  tut  that  this  laft  is  the  great  Nou  Kian 
of  Yunan ;  I  have  in  my  pofleflion  a  manufcript  draught  of  the 
Ava  River,  to  within  1 50  miles  of  the  place  where  du  h albe 
leaves  the  Nou  Kian,  in  its  courle  towards  Ava ;  together  with 
very  authentic  information  that  this  river  (named  Irabattey  by 
the  people  of  Ava)  is  navigable  from  the  city  of  Ava  into  the 
province  of  Yunan  in  China*. 

The  Burrampooter,  during  a  courfe  of  400  miles  through 
Bengal,  bears  ib  intimate  a  refemblance  to  the  Ganges,  except 
in  one  particular,  that  one  defcription  may  ferve  for  both.  The 
exception  1  mean  is,  that,  during  the  laft  60  miles  before  its 
junftioh  with  the  Canges,  it  forms  a  ftream  which  is  regularly 
from  four  to  five  miles  wide,  and  but  for  its  freflmefs  might 
pafs  for  an  arm  of  1:he*{ca*  Common  defcription  fails  in  an 
attempt  to  convey  an  adequate  idea  of  the  grandeur  of  this 
magnificent  objeft ;  for, 

■         Scarce  the  mufe 

Dares  ftrttch  her  wing  o'er  this  enormous  xnafs 

Of  rufliing  water ;  to  whofe  dread  ^xpanie. 

Continuous  depth,  and  wond'rous  length  of  courfe^ 

I 

*  The  courfes  of  th«  Burrampooter  and  Ganges,  as  well  as  that  of  the  Ava 
RWer,  from  Yuoap  to  tbe  fea^  mU  Ihortly  be  defcribed  in  a  large  iheet  map  of 
Jfindooflan. 

Our 


Ganges  and  Burrampooter  Rivers.  1 1^ 

Our  floods  are  rills  — — • 

Thus  pouring  on,  it  proudly  feeks  the  deep, 
Whofe  vanquifhM  tide,  recoiling  from  the  (hock, 

Yields  to  this  liquid  weight  —— ^ 

Thomson's  Seafons. 

I  have  already  endeavoured  to  account  for  the  fingular  breadth 
of  the  Megna,  by  fuppofing  that  the  Ganges  once  joined  it 
where  the  Iffamutty  now  does ;  and  that  their  joint  waters 
fcooped  out  its  prefent  bed.  The  prefent  jundlion  of  thefe  two 
mighty  rivers  below  Luckipour,  produces  a  body  of  running 
frefh  water,  hardly  to  be  equalled  in  the  old  hemi(phere,  and, 
perhaps,  not  exceeded  in  the  new.  It  now  forms  a  gulf  inter- 
fperfed  with  iflands,  fome  of  which  rival,  in  fixe  and  fertility, 
our  Ifle  of  Wight.  The  water  at  ordinary  times  is  hardly 
brackifli  at  the  extremities  of  thefe  iflands ;  and,  in  the  rainy 
feafon,  the  fea  (or  at  leaft  the  furface  of  it)  is  perfedlly  frelh  to 
the  diftance  of  many  leagues  out. 

The  Bore  (which  is  known  to  be  a  fudden  and  abrupt  influx 
of  the  tide  into  a  river  or  narrow  ftrait)  prevails  in  the  principal 
branches  of  the  Ganges,  and  in  the  Megna ;  but  the  Hoogly 
River,  and  the  pafliiges  between  the  iflands  and  fands  fituated  in 
the  gulf,  formed  by  the  confluence  of  the  Ganges  and  Megna, 
are  more  fubjeft  to  it  than  the  other  rivers.  This  may  be 
owing  partly,  to  their  having  greater  embouchures  in  proportion 
to  their  channels,  than  the  others  have,  by  which  means  a 
larger  proportion  of  tide  is  forced  through  a  paflage  compara- 
tively fmaller ;  and  partly,  to  there  being  no  capital  openings  near 
them,  to  draw  off  any  confiderable  portion  of  the  accumulating 
tide.  In  the  Hoogly  or  Calcutta  River,  the  Bore  commences  at 
Hoogly  Point  (the  place  where  the  river  firft  contracts  itfelf) 

Vol.  LXXI.  Q^  and 


1 14  Mr.  rekhell's  Account  of,  C^c. 

and  is  perceptible  above  Hoogly  Town ;  and  fo  quick  is  its 
motion,  that  it  hardly  employs  four  hours  in  travelling  from 
one  to  the  other,  although  the  diftance  is  near  70  miles.  At 
Calcutta,  it  (bmetimes  occafions  an  inftantaneous  rife  of  five 
feet :  and  both  here,  and  in  every  other  part  of  its  track,  the 
boats,  on  its  approach,  immediately  quit  the  ihore,  and  make 
for  fafety  to  the  middle  of  the  river. 

In  the  channels,  between  the  iHands  in  tlie  mouth  of  the 
Megna,  &c.  the  h«ght  of  the  Bore  is  faid  to  exceed  twelve  feet ; 
and  is  fo  terrific  in  its  appearance,  and  dangerous  in  its  confe- 
quences,  that  no  boat  will  venture  to  pafs  at  fpring  tide.  After 
the  tide  is  fairly  paft  the  iflands,  no  veftige  of  a  Bore  is  feen, 
which  may  be  owing  to  the  great  width  of  the  Megna,  in  com- 
parifbn  with  the  paffages  between  the  iflands ;  but  the  c^c&t 
of  it  are  vifible,  enough  by  the  fuddpn  rifing  of  the  tides. 
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X.  ^Jronomical  Obfervaiions  on  the  Rotation  of  tbe  Planets 
round  their  Axes^  made  with  a  View  to  determine  whether  the 
Eartb^s  diurnal  Motion  is  perfeElly  equable.  In  a  Letter  from 
Mr.  WiUiam  Hcrfchel  of  Bath  to  WiUiam  Watfon,  M.  D. 
K  R.  S. 


Read  Januaxy  1 1 9  1781. 

SIR,  Bath,  Oaober  i8,  1780. 

THE  various  motions  of  the  planet  we  mhabit-;  the  an* 
nual  revolution  in  its  orbit ;  the  diurnal  rotation  round 
its  axis ;  the  menftrual  motion  round  the  common  center  of 
gravity  of  the  moon  and  earth ;  the  preceffion  of  the  equi- 
nodial  points  i  the  diminution  of  the  obliquity  of  the  ecliptic ; 
the  nutation  of  the  earth's  axis :  in  fhort,  every  one  of  the 
motions  that  arife  from  the  aflions  of  the  fun,  moon,  and 
planets,  combined  with  the  fpheroidical  figure  of  the  earth, 
and  the  projedlile  and  rotatory  motions  firft  imprefled  upon  it, 
have  all  been  confidered  by  aftronomers,  and  their  real  and 
apparent  inequalities  inveftigated«  And  to  the  great  honour  of 
modern  aftronomers  it  muft  be  confeffed,  that  no  fcience  has 
ever  made  fuch  confiderable  ftrides  towards  perfection  in  fo 
Ihort  a  time  as  aftronomy  has  done  fince  the  invention  of  the 
telefcope. 
I  There  is  one  of  the  motions  of  the  earth  however  which, 

it  feems,  has  hitherto  efcaped  the  fcrutiny  of  obfervers ;    I 
mean  the  diurnal  rotation  round  its  axis.    The  principal  reafon 
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why  this  has  not  been  looked  Into,  is  probably  the  difficultjr 
of  finding  a  proper  ftanAird  to  meafure  it  by ;  fince  it  is  itfelF 
ufed  as  the  ftandard  by  which  we  meafure  all  the  other  motions. 
We  have,  indeed,  no  caufe  to  fufped  any  very  material  pcrio* 
dical  irregularity^  either  diurnal,  menftrual,  or  annual ;  for 
the  great  perfection  of  our  prefent  time-pieces  would  have  dif- 
covered  any  confiderable  deviation  from  that  equability  which: 
we  have  hitherto  afcribed  to  the  diurnal  motion:  of  the  earths 
And  yet,  it  is  not  perhaps  altogether  impoffible  but  that 
inequalities  may  exift  in  this  motion  which,  in  an  age  where^ 
obfervations  are  carried  to  fuch  a  degree  of  refinement,  may 
be  of  fome  confequence. 

To  (hew  how  far  time-keepers,  though  ever  fb  perfefl,  are 
from  being  a  proper,  or  at  leaft  a  fufficient,  ftandard  to  exa- 
mine the  diurnal  motion  of  the  earth  by,^  I  may  aflc,.  whether 
it  is  probable,  that  any  clock  would  have  difcovered  to  us  the 
aberration  of  the  fixed  ftars  ?  And  yet  that  aberration  produces 
a  change  in  longitude,  and  of  confequence  ia  right  afcenfion, 
which  caufes  an  annual  irregularity  in  a  ftar's  comibg  to  the 
meridian,  which  a  time-piece,  were  it  a  fufficient  ftandard,, 
would  fcx>n  have  difcovered,  and  which  we  might  have  attri-> 
biited  to  an  inequality  of  the  earth's  diurnal  motion,  had  we  v 
not  been  acquainted  with  its  real  caufe^    And  if  we  were  to 
find  out  any  apparent  irregularity,^  acceleration,^  or  retardation,, 
fliDuld  we  not  much  rather  &fpe£l  the  clock  than  the  diurnal 
motion  ?  I  may  therefore  venture  to  fay,  that  the  aberration  of 
the  fixed  ftars,  though  attended  with,  the  above  mentioned' con- 
fequence,^  would  for  ever  have  remained  a  fccret  to  us,  if  it- 
had  not  beea  found  out  by  other  methods  than  time-keepers. 

Now,  if  time-pieces  do*  fail  us  in  this  critical  cafe,  where- 
we  ftand  in  the  greateft.  need  of  their  afliflance,  it  is  almoft  in- 
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vain  to  expeft  any  help  from  another  quarter  ^  for  what*mecha- 
ttical  movement  on  earth,  or  motion  of  the  heavens,  is  there 
that  can  meafure  out  fach  equal  portions  of  time  as  we  require  to 
compare  the  diurnal  motion  of  the  earth  to  ?  However,  to  pro- 
ceed, imee  we  have  already  great  proofs  that  the  diumal  motion 
of  the  earth  is,  if  not  perfe6Hy  equable,  at  leaft  more  fo  than 
any  other  motion  we  are  acquainted  with,  it  will  not  appear 
abfbrd  to  fuppofe  the  ^umal  rotation  of  the  other  planets  to 
be  fo  lifcewife.  This  fuggefted  to  me  the  thoughts  of  efti- 
mating  the  diurnal  motion  of  one  planet  very  exaitty  by  that 
of  another^  making  each  the  Aandard' of  the  other.  In  this 
manner  we  may  obtain  a  comparative  view,  by  which  future 
aftronomers,  if  they  fhall  hereafter  be  inclined  to  purfiie  the 
fubjcft,  may  be  enabled  to  make  fome  eftimatt  of  the  general 
equability  of  the  rotatory  motions  of  the  planets.  For  if  in 
len^h  of  time  they  fhould  perceive  (bme  fmall  retardation  in 
the  diurnal  motion  of  a  planet  occa(ioned  by  fome  refiftance  of 
a  veiy  fubtle  medium  in  which  the  heavenly  bodies  perhaps 
move;  or,  on  the  other  hand,  if  there  Ihould  be  found  aa 
acceleration  from  fome  caufe  or  other,  they  might  then  afcribe 
the  alteration  either  to  the  diurnal  motion  of  the  earth,  or  ta 
the  gyration  of  the  other  planet,  according  as  circumftnnces, 
or  obferved  phamomena,  Ihould  make  one  or  the  other  of  thefo 
opinions  moft  probable*  . 

Now,  this  method  of  comparing  together  different  rotations 
of  feveral  planets,  limple  as  it  may  appear,  was  not  without 
fome  difficulties.  In  the  firfl  place  it  was  evident,  that  tha 
common  account  of  their  diurnal  motions*,,  which  makes  that: 

*  Venus  fpatio  23.  horarum  gyrationcm  circa  axcm  ab  occidente  in  orienteni 
pcrficit.  Mart  (imilem  rotationem,  horn  24  min.  40  abfolvif .  Macularum  revo* 
lutionibus  fxpius  obfervatis,  Ds,  cassini  compeniit  periodura  JovU  circa  pro- 
giinm  Azem  eflb  horarum  91  minutorum  56.    keill^  Afl,  Led*  V. 
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of  Jupiter-  9  h,  56',  of  Mars  24  b.  40',  how  true  foevcr  it 
may  be  in  a  general  way,  was  much  too  inaccurate  for  this  cri- 
tical purpofe.  The  gyration  of  Venus  was  ftill  lefs  to  be 
depended  upon,-  being  only  noted  to  the  hour  without  the 
minutes  :  it  became,  therefore,  neceflary  to  proceed  to  obfenra- 
tions  of  a  more  determinate  kind.  From  what  I  had  already  ieen 
of  the  rotation  of  the  planets,  I  concluded,  that  Mars  on  feve* 
ral  accounts  would  be  the  mofi:  eligible  planet  for  my  purpofe  : 
for  the  {pots  on  Jupiter  change  fb  often  that  it  is  not  eafy, 
if  at  all  poffible,  to  afcertain  the  identity  of  the  fame  appear- 
ance, for  afiy  confiderable  length  of  time.  Nor  do  the^dark 
fpots  only  change  their  place,  which  may  be  fuppofed  to  be 
large  black  congeries  of  rapours  and  clouds  fwimming  in  the 
atmofphere  of  Jupiter  ;  but  alfo  the  bright  fpots,  though  they 
may  adhere  firmly  to  the  body  of  Jupiter,  may  undergo  fbme 
apparent  change  of  fituation  by  being  difierently  covered  or 
uncovered  on  one  (ide  or  the  other,  by  alterations  in  the  belts. 
It  will  be  feen  hereafter,  that  I  have  obferved  the  revolution  of 
a  very  fright  Ipot,  not  fufpefted  of  any  change  of  fituation,  to 
be  firft,  by  one  fet  of  obfervations,  at  the  rate  of  9  h.  51'  45'%6  ; 
and  afterwards,  by  another  fet  immediately  following  at  the 
rate  of  9  h.  50'  48'^ 

As  the  principal  belts  on  Jupiter  are  equatorial,  and  as  we 
have  certain  conftant  winds  upon  our  planet,  efpecially  near 
the  equator,  that  regularly,  for  cextain  periods,  blow  the  fame 
way  *,  it  is  eafily  fuppofed,  that  they  may  form  equatorial 
belts  by  gathering  together  the  vapours  which  fwim  in  our 
atmofphere,  and  carrying  them  about  in  the  fame  dire^on. 
This  will,  by  analogy,  account  for  all  the  irregularities  of  Ju- 

*  See  A&a  £ruditonini|  1687.    Dr.  halley's  Account  of  periodical  Windt. 
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piter's  revolutions,  deduced  from  fpots  on  his  difk  that  may 
have  changed  their  fituation ;  for  if  we  fuppofe  the  rotation  of 
Jupiter,  according  to  cassini,  to  be  ph.  56',  then  fome  fpots 
that  I  have  obferved  muft  have  been  carried  through  about  60"** 
of  Jupiter's  equator  in  22  of  his  revolutions  or  days.  This 
would  certainly  be  a  very  great  velocity  in  the  clouds,  which  is,, 
however,  not  unparalleled  by  what  has  happened  in  our  own 
atmo(phere. 

But  to  return  to  my  purpofe :  on  the  planet  Mars  we  fee  fpots 
of  a  different  nature ;  their  conftant  and  determined  fhape,  as 
well  as  remarkable  colour,  (hew  them  to  be  permanent  and 
faftened  to  the  body  of  the  planet.  Thefe  will  give  the  revo- 
lution of  his  equator  to  a  great  certainty,  and  by  a  great  num- 
ber of  revolutions,  to  a  very  great  exaftnefs  alfo.  Suppofing 
then,  that,  by  a  method  I  fhall  hereafter  defcribe,  we  can  de- 
termine whether  a  fpot  on  the  dilk  of  Mars  is,  or  is  not,  in 
the  line  which  joins  the  center  of  the  earth  and  the  center  of 
that  planet,  to  half  an  hour's  time  with  certainty  (I  believe 
ten  or  twelve  minutes  will  be  found  fufficient.  for  that  pur- 
pofe), in  this  cafe  we  fhall  in  30  days  have  the  revolution  true 
to  a  minute ;  and,  by  continuing  thefe  obfervations  for  three 
months,  we  fhall  have  it  to  20''.  When  we  are  fo  far  certain, 
we  can  eafily  arrive  to  a  much  greater  degree  of  exadlnefs  ;  for 
as  we  now  can  no  longer  miftake  a  whole  revolution,  if  we  take 
the  time  of  any  particular  fpot's  being  in  the  line  which  joins  the 
centers  of  the  planets  during  one  oppofition  of  Mars,  and  take 
the  fame  again  at  or  near  the  next  oppofition,  we  (hall  have  an- 
interval  of  about  780  days,  which  will  give  the  diumal  motioiv 
of  that  planet  true  to  about  %'\  The  next  oppo(ition  will  give 
it  to  one,  and  (b  forth  ;  by  which  means,andhy  taking  a  proper 
uumber  of  fuch  periods,  we  may  determine  the  rotation  of 
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Mars  to  as  great  an  exaftnefs  as  wc  ihallttiink  neceflaxy^forthe 
purpofe  of  our  comparative  view. 

Had  fuch  obfervations  as  thefe  been  made  two  thoufaiid,  or 
perhaps  only  fb  many  hundred  years  ago,  we  might  now,  by 
repeating  thena,  moft  probably  become .  acquainted  with  foma 
curious  minute  changes  of  the  folar  fyftem  th^t  have  hitherto 
pafled  unnoticed. 

There  is  a  certain  circumftance  which  would  almof):  create  a 
fufpicion  that  there  has  been  fome  retardation  in  the  diurnal 
motion  of  the  earth.  The  difference  between  the  equatorial 
and  polar  diameters  of  the  earth,  by  a£lual  meafurement,  has 
been  found  to  be  about  36  Englifh  miles  and  9  tenths ;  but,  by 
a  calculation  wherein  the  prefent  rotation  is  made  ufe  of,  it 
will  only  amount  to  about  ^^  miles  and  8  tentlis :  from  which 
it  fliould  fecm  probable,  that  when  the  earth  afllimed  the  prefent 
form,  the  diurnal  rotation  was  fomewhat  qxiicker  than  it  is  at 
prefent,  by  which  means  the  centrifugal  force  bore  a  greater 
proportion  to  the  force  of  gravity  to  which  it  is  contrary,  and 
thus  occaiioned  a  higher  elevation  of  the  equatorial  parts.  But 
i  would  not  lay  much  ftrefs  upon  this  argument ;  for,  in  the  cal- 
culation, it  has  been  fuppofed,  that  the  earth  is  nearly  of  an 
equal  denfity  at  the  furface  and  towards  the  center,  which  it 
feems  is  not  agreeable  to  fome  late  curious  experiments  and 
calculations  that  have  been  made  under  the  condp£k  of  the 
Aftrononxer  Royal  upon  the  attraftion  of  a  mountain  *,  the 
refult  of  which  ought  now  to  be  taken  into  confideration,  and 
the  calculation  repeated.  If  all  the  data  could  be  exactly  de- 
pended upon,  it  would  be  prafticable  enough  from  the  laws  of 

*  See  Mr.  hvttomS  Account  of  the  Calculations  made  from  the  Survey  and 
Meafures  taken  at  Schehallicn,  in  order  to  afcert^in  the  mean  Denfity  of  the 
Earth.    Phil.  Tranf.  1778, 
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gravity,  and  the  prefent  rotation  and  given  form  of  the  earth> 
to  find  the  centrifugal  force  required  to  produce  that  form,  and 
thence  to  (hew  what  muft  have  been  its  diurnal  motion  when 
it  afTumed  the  fame.  However,  thefe  are  refearches  that  in  nay 
prefent  fituation  I  neither  have  opportunity  nor  perh^s  ability 
enough  to  inveftigate  properly ;  and  which,  therefore,  I  hope 
feme  <3^f  our  excellent  mathematicians  will  think  worth  while 
to  look  into. 

I  (hall  now  relate  my  ob(ervatIons  on  Jupiter  and  Mars*  The 
tele(copes  I  ufed  are  of  my  own  conftruftion;  and  are,  a 
twenty-feet  Newtonian  refleftor,  a  ten-feet  refle^ftor  of  the 
fame  form,  and  a  feven-feet  reflector  already  mentioned  in  my 
paper  on  the  mountains  of  the  moon.  My '  time  I  gained  by 
equal  altitudes  taken  with  a  brafs  quadrant  of  two- feet  radius^ 
carrying  a  telefcope  which  magnifies  about  \o  tiqjes ;  for  the 
corredlion  of  altitudes  taken  of  the  fun  I  ufed  de  la  landers 
tables.  I  kept  my  time  by  two  very  good  pieces  i  one  having 
a  deal  pendulum-rod,  the  other  a  compounded  one;  of  brafs 
and  iron,  both  having  a  proper  contrivance  not  to  .(lop  when 
winding  up.  The  rate  of  going  of  my  clocks  I  determined  by 
the  traniit  of  ftars. 

Obfervations  on  Jupiter  in  the  year  1778. 

February  24.  Clock  1'  10''  too  (bon.  Abciut  9  o'clock  t 
favv  a  bright  belt  on  one  part  of  the  di(k  of  Jupiter,  fee  tab* 

v.fig.  I.  ' '   :  ^    '    ' 

About  10  o'clock  it  was  advanced  as  far  as  the  center^  fig.  z. 
XI  h.  The  white  belt  ftill  more  advanced,  fig*  3. 

I I  h.  25'.  It  approached  towards  the  edge  of  the  di(k ;  and  at 
1 2  h.  was  extended  all  over,  as  in  fig.  4. 
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February  25^  8  h.  The  fame  bright  belt  I  obferved  ytdittizj 
extends  all  over. 

8  h.  45^  It  is  divided  by  a  dairkifh  fpot^  iituated  at  fome 
diftance  from  the  center,  as  in  fig*  5. 

9^  h*  5^  The  fmaU  dark  divUion  is  advanced  a  little  ^rther 
than  the  center,  as  in  fig.  6^ 

9  h.  23'.  The  fpot  is  vifibly  advanced  a  confiderable  deal 
farther. 

March  2.  8  h.  2'.  The  diaricifli  fpot,  with  feme  alteration  in 
its  fhape,  is  now  in  the  middle  of  the  dilk,  fee  fig^  j^ 

March  3.  i  o  h.  34^  The  bright  belt  on  the  fouth,  of  the 
equator  is  now  in  the  middle  ;  that  is  to»fay,  if  a  line  be  drawn? 
perpendicular  to  the  eq:uatorial  belt„  and  through  the  center^, 
the  end  of  the  equal orial  bek  now  touches  it,  fig.  %.. 

13  h.  49'.  The  darkifli  fpot, .  in  which  there  has  been  fome 
alteration  lince  yeftetd&y,  feems  now  to  be  in  the  center,  fig.  9# 

March  14.  The  clock  altered  to  true  equated  time  ;  but  the 
rate  of  going  not  changed,  being  well  regulated* 

7  ^*  35'  '^^®  ^P^^  ^^  ^^^^  *^^  ^^^  center,  but  does  not  feem 
quite  to  fill  the  white  belt ;  nor  is  it  fo  large  arid  diftinft  as  it 
was  before,  fig,,  ic 

April  7.  9h.  31^  There  are  three  dark  fpots  in  the  equa- 
torial belt  ivearly  in  the  center,  fee  fig.  1 1 .. 

April  1 2ri  J'  h.  50'.  The  three  dark  fpots  are  in  the  center. 
The  fourthemmoft  of  the  three  is  nearly  quite  vanifhed ;  the 
9thcr  two  are  aMb  much  fainter*  They  are,  however,  diflinft 
ciU)ugh  to  be  known,,  fig.  1 2« 
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Obfervations  on  Jupiter  in  1779. 

April  14.  Clock  52"'  too  late.  8  h.  48'  A  remarkable  bright 
fpot  in  the  equatorial  belt  towards  the  north  is  in  the  center, 
fee  fig.  1 8* 

8  h.  58'.  The  fpot  is  a  little  paft  the  center. 

April  19.  Clock  true  mean  time.  7h.  10'.  There  is  a  bright 
fpot  juft  now  in  the  center,  which,  -from  its  fliape,  I  take  to  be 
the  fame  that  was  there  April  1 4th.    • 

7h.  20'.  The  fpot  is  vifibly.  paft  the  center. 

April  23.  Clock  (hiws  true  time.  9  h.  38'.  The  fame  bright 
fpot  is  in  the  center. 

ph.  43'.  It  is  paft  the  center.  Memorandum j  my  time* 
piece  may  be  depended  upon  to  a  few  fcconijs. 

It  will  not  be  amifs  to  obferve,  that  -the  ipots,  as, well  as  a 
great  many  other  phanoioQna,  were  watched  as  they  came  on, 
paffed  over  the  center,  and  went  off  the  dilk  of  Jupiter ;  but  I 
have  only  feleded  thofe  obfervations  that  were  neceflafy  to  my 
prefent  purpoie> 

Comparing  together  the  obfervations  that  were  made  in  the 
year  1778,  February  24th  and  Marth  3d,  we  Obtain  an  interval 
of  7  days  34  minutes,  .which  being,  divided  by  17  revx)lutions 
made  by  Jupiter  on  his  axis,  we  have  the  time  of  one  fynodical 
revolution  equal  to  9  h.  54'  56^',4* 

The  dark  fpot  on  February  ft  5  was  objforved  fome  time  be* 
fore,  and  alfo  juft  after  it  was  paft  the  center ;  therefore  I  have 
fuppofed  it  to  be  in  the  center. about. 8  h*  58/  :  and  we  have. 
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February  25     8  58 

March        2.     t     % 


*^^^ 


Divided  by  r  2  rer.     4  23    4 

X  revolution  =:  ph.  55'  zd^ 

February  25     8  58 
March         3  ^3  49 


15  revol.     6     451 


I  revolution  =  9  h.  ss^  24'^ 
February  25     8  58    o 

March         14      7   36    10  allowing  1' 10"  for  the  alt.  of  the  clocfci^ 

41  revol.  16  2Z  38  10 

1  revolution  =  ph.  s^'  4^%^- 

March         2     8     2r 

3  ^$  A9 

I  revoL      i     5  47 


.    1  revohition  =:  ph.  ^^^^  4of\. 
March        2820 

14  7  36  10 

29  revol.  II  23  34  10 

I  revolution  =  ph.  54'  58'^2. 


March 


.  t 
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R  h;  m.    s^ 
March     3  13  49     o 
14    7  36  10 


Divided  by  26  rev.  10  17  47  10 


I  revolution  :i  9  h.  54'  53'^4*• 

April    7     9  31 
12     7  50 


r2  revol.    4  2Z  29 


I  revolution  =  9  h.  51'  35". 

Again,  comparing  together  the  obfervations  of  1779,  which 
«rere  made  with  the  utmoft  attention  to  time,  we  have,. 

April  14     &  48  52: 
April  19     7  10    o 

1:2  revoL     4  22  21     8 

I.  revolution  =  ph.  51'  AS'^^* 

April     19     7  10 
April    23     9  38 

10  revol.     4     2  28 

•I  revolution  =  9h.  50'. 48^'. 

And  taking  both  together, 

April  14     8  48  52 
April  23     9  38     o> 


22  revoL     9     o  49     8 

I  revolurion  =  9h,  51'  \$"tA' 


Thefc 
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Thefe  feveral  refults  are  fo  exceedingly  various,  that  it  is  evi- 
dent Jupiter  is  not  a  proper  planet  for  the  critical  purp^fe  of  a 
comparative  view  of  the  diurnal  motioas;;  nor  can  this  great 
variety  proceed  from  any  inaccuracy  in  the  obfervations :  for, 
m  my  opinion,  it  is  not  well  poflible  to  make  a  miftake  in  the 
fituation  of  a  fpot  that  fliall  amount  to  io  much  as  five  minutes 
of  time.  The  obfervation  of  April  23,  1779,  was  made  with 
a  view  to  afcertain  this  point,  when  it  was  found  that  five  mi- 
nutes of  time  made  a  fenfible  difference  in  the  fituation  of  a 
(pot  when  near  the  center. 

If  we  reduce  the  fynodical  revolutions  to  fydereal  ones,  the 
refult  will  be  fo  little  different  from  the  above^  that  I  have  not 
(bought  it  Worth  while  to  do  it  in  this  place.  By  a  comparifbn 
of  the  dffFerent  periods  it  appears,  that  a  fpot  ^;vhich  is  carried 
about  in  the  atmofphere  of  Jupiter  igeneraBy  fuflers  an  accelera- 
tion, or,  which  is  the  fame  thing,  perfomisf  its  revolutions  by 
degrees  in  lefs  time  than  it  did  at  firft;  for  the  fpot  obferved  in 
1778  moved  at  the  following  rates.  From  February  25.  to 
March  2.  in  ph.  55^  20^^ ;  to  March  3^  nearly  the  fame;  to 
March  14.  in  9  h.  55' V'' ;  from  March  2.  to  March  3.  in 
9  h.  $$'  Ap" ;  to  March  14.  in  9  h.  54'  58'' ;  from  March  3. 
to  March  14.  in  9h.  54'  ^^'.  In  1779  a  fpot  moved  from 
April  14.  to  April  19.  at  the  rate  of  9  h.  51^  45'';  to  April  23. 
in  9  h.  5 1 '  24^' ;  and  from  April  1 9.  to  April  24.  in  9  h.  50'  48^^  ; 
all  which  is  agreeable  enough  to  the  theory  of  equatorial  winds, 
fince  it  may  probably  take  up  fometime  befbre  a  fpot  can  acquire 
a  fufficient  velocity  to  go  as  faft  as  thofe  winds  may  blow.  And, 
by  the  by,  if  Jupiter*s  fpots  Ihould  be  obferved  in  different 
parts  of  his  year,  and  be  found  in  fome  to  be  accelerated,  in 
others  to  be  retarded,  it  would  almoft  amount  to  a  demonftra- 
tiou  of  his  monfoons  and  their  periodical  changes ;  but  if  his 
7  axis 
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axis  fhould  not  be  inclined  enough  to  his  orbit,  to  occafion 
fuch  a  change,  they  may  probably  always  blow  in  the  fame 
diredion. 


Obfervatibns  on  Mars  in  the  year  1777* 

Twenty-feet  Newtonian  refledor ;  power  300. 

April  8.  7  h.  30'.  I  obferved  two  ipots  upon  Mars,  with  a 
bright  belt  or  partition  between  them.  The  belt  was  not  very 
well  defined,  fee  taU  VL  fig.  1 4. 

9  h.  30^  The  fpots  are  advanced,  and  more  fpotted  parts 
are  vilible,  fig.  1 5.. 

10  h.  The  r-evolutipn  of  Mars  on  his  axis  is  now  veiy 
tvidentjt  fig.  16. 

April  17..  Ten-feet  Newtonian  refieftor;.  power  about 
zn.  7  h.  50'.  Mars  appeared  as  in  fig,  17.  At  ii  and  i 
there  were  two  bright  fpots,  fb  luminous  that  they  feemed  to* 
projedl  beyond  the  difk..  At  r  and  ^  there  were  two  very  dark 
fpots,  joined  by  a  lefJer  black  line  in  the  middle,  which^ 
however  was  crofTed  at  e  andy  by  a  very  faint  whitifh  partition.. 

April  26.  Ten- feet  refleftor  ;  power  211. 

9  h*.  5'^  The  fpots  on.  the  planet  are  very  faint,  and  much 
about  as  in  fig.  18. 

April  27.  Ten- feet  refledor  r  power  324. 

8h.  40^  The  evening  very  fine  :  my  telefcope  in  compleat 
wder.    The  fpots  as  in  fig.  19. 


Obfervation^- 


1^8  Mr.^  HERSCHEL*s  jljlronomical  Objervalions 

Obfervations  on  Mars  in  the  year  i779» 

May  9  th.  Cl<jck  15'^  too  faft ;  by  equal  altitudes  oil  the 
14th  of  April,  and  by  the  tranfit  of  a  ftar,  is  found  to  lofe 
^'^45/^rday. 

1 1  h.  I '  by  the  clock,  I  found  the  fituation  of  the  fpots  on 
Mars  as  in  figure  20 ;  there  is  a  very  remarkable  dark  fpot  not 
far  from  the  center, 

1 1  h,  ^o\  The  figures  are  gone  from  the  center. 

May  1 1 .  Clock  i  z'^  too  faft. 

10  h.  18'.  The  fame  fpot  that  was  vifible  May  9.  Is  on  the 
diflc,  the  darkeft  place  being  Intirely  fouth-eafl:  of  the  center, 
fee  fig.  21. 

1 1  h.  43'.  The  darkeft  part  is  almoft  arrived  at  the  center, 

fig.  22. 

1 2  h.  1 7'.  The  dark  fpot  Is  with  its  edge  juft  near  the  center, 
as  in  fig.  23. 

May  13.  Seven- feet  reflector  ;  power  222.  Clock  9'' too  faft. 

1 1  h.  26'.  Mars  feems  now  to  be  in  the  fame  fituation  he 
was  the  nth,  at  10  h.  8'. 

May  22.  Clock  4''  too  flow. 

lih.  5'.  The  figure  of  May  nth  is  not  on  the  dilk;  but 
fome  other  fainter  fpots  are  vifible.     The  air  is  full  of  vapours. 

June  6.  The  clock  fet  by  ten  equal  altitudes  taken  to-day, 
and  by  the  tranfit  of  J  Scorpii  lofes  i'^9  per  day.  What  I  have 
perhaps  improperly  called  a  tranfit  is  the  occultation  of  a  ftar 
pafling  behind  the  perpendicular  edge  of  a  high  building  at 
about  40  yards  diftauce,  obferved  with  a  fixed  telefcope  diredled 
to  the  place  where  it  vanilhes. 

I  oh.  10'.  The  fame  figure  is  upon  the  dilk  of  Mars  which 
was  there  April  8,  1777,  at  7  h.  30'. 

June 


June  15.  Clock  17''' too  flow.  ph.  45'.  The  fame  figure  is 
upon  Mars  that  was  there  May  9.  at  li  h.  i';,but  it  is  more 
advanced  I  fuppofe  it  to  be  the  fame,  and  in  tlie  {ame  fitua- 
tion,  as  April  17,   1777,  at  7I1..50'. 

June  17.  Clock  20''  flow.  .  '  '  • .         ' 

9  h.  1 2'.  The  dark  fpot  on  Mars  is  father , more  advanced 
than  it  was  May  nth,  at  loh.  i8^ 

I  o  h.  The  fpot  is  vifibly  advanced :  I  fuppofe  it  will  take 
near  an  hour  to  come  to  the  center. 

10  h.  15'.  A  very  thick  fog  obfcures  the  Iky, 

1 1  h.  15'.  The  fame  darknefs. 

June  19.  Clock  22"  too  flow  by  the  tranfit  of  JScorpii  ob- 
ferved  this  evening. 

8  h.  40'.  The  figure  on  the  diflc  of  Mars  appears  now  to  be 
as  it  was  April  26,  1777,  at  9  h.  5',  fee  fig.  iS* 

I I  h.  30'.  The  figure  of  May  11.  which  I  have  been  hitherto 
watching,  is  not  come  to  the  pofition  it  was  then  at  i  j  h,  43'r 
but  cannot  be  far  from  it,  I  fear,  as  Mars  approaches  the  hori*^ 
zon,  I  fliall  not  be  able  to  follow  him  till  the  figure  comes,  to 
the  center. 

1 1  h.  47'.  The.ftate  of  the  air  near  the  horizon  rs  very  unfa- 
vourable. With  much  difficulty  I  can  but  juft  fee  that  the 
figure  is  not  quite  fo  far  advanced  as  it  was  May  1 1  th,  at 
1 1  h.  43',  but  can  certainly  not  be  above  two  or  three  minutes 
from  it, 

1 1  h.  51'.  The  undulation  of  the  air  prevents  all  further 
obfervation. 

,  Let  us  now  examine  the  refult  of  the  above  mentioned  obfer- 
vations  :  comparing  together  the  two  foUowing^ort  intervals 
of  the  year  1779,  we  have, 
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D;  H.    M.  s. 
FromMiay    9  ir    o  45 

to  May  ri  la  16  48^ 
by  X  revol.    z  '  u  1 6    3 


.-ji  I «   ■*■ 


,  Cures  I  revx^ution  =:  24h.  38'  t^\p- 

A  fecondfbiall mtervaL 

May  I X  10  ty  4ft 
13  II  25  5L 

arevoK    2^    i     8     3^ 


m^m 


»  revolution  =  24  h.  34^'  I'^f^ 

FfcFC  wc  have  twa  v^ryihort  intervals  riiat  agree  ta  4',  wKicR 
ii5«  more  thaa  we  could  have  expedited  m  fuch.  fhoit  periods  of 
bmeft. 

Comparing  together  obfervationS' that  wece  made  at  a  greater 
^ftance^  we  fihd^ 

Firift  monthly  period^ 

May  II   10  17  48^ 

Tune    i-y     o     o   -, f.  I  ^'^^"»S  3' ^ccaufe  the  obC  fiiys  tb<t 
June    17      9.     9.  2a|  fpot(waa«therinDtc.ad«ttcecL. 

36  revol.  36  22  5r  321 

I  revolution  =  24h.  38'  S^\s^ 

Second  monthly  period^ 

May  II   i^i  415  48* 

unc   19    II    50   22J  ^^g^^^^^^^,^^^p^^^J^^J^^^^^ 

■■  I   M    ■■        I  ■»■■■        ^ 

38  revol.  39    o     7  ^4 

X  revolution  =r  24  h.  3?'  5",4i. 

Thir<r 


M  tie  Rotatkn  of  the  Planets^  &a  s  ji 

m 

Third  monthly  period, 

D.    H.   M.    5.        • 
May  13  XI  25  51 

June  17     9     9  20 

34revol.  34  21  43  ^9 

I  revolution  =  24 h.  38'  ao'^j 

This  laft  is,  perhaps,  as  likely>to  be  near  the  truth  as  any, 
lince  the  fame  fpot  was  here  obferved  for  the  third  time,  and 
therefore  its  motion  become  more  familiar. 

Here  we  have  three  longer  periods  that  agree  to  fifteen 
ieconds,  which  is  quite  fufficient  for  extending  the  interval  of 
time  to  thofe  obfervations  that  were  made  in  the  year  1777* 
But  as  thefe  are  the  fynodical  revolutions,  it  will  be  neceilary 
firfl  to  reduce  them  to  fydereal  rotations. 

In  figure  24.  let  us  fuppofe  the  orbit  of  Mars,  mabc, 
to  be  in  the  fame  plane  with  the  orbit  of  the  earth,  edfo  ; 
and  the  zih  of  Mars  to  be  perpendicular  to  his  orbit.  Let 
M,  E,  i9y,  r,  be  the  fituations  of  Mars  and  the  earth  on  the 
13th  of  May  and  17th  of  June ;  then  will  the  line  em,  that 
conne£t8  the  centers  of  Mars  and  the  earth,  point  out  the  geocen« 
trie  place  of  Mars  on  the  1 3th  of  May ;  and  the  line  em^  the 
geocentric  place  of  the  fame  planet  on  the  17th  of  June.  Draw 
€r  and  nu  parallel  to  br  ;  then  will  er  point  out  the  geocentric 
place  of  Mars  on  the  13th  of  May ;  and  the  angle  sme  is  equal 
to  the  angle  fMr.  Now,  by  an  ephemeris  •  the  geocentric 
place  of  Mars,  May  13.  at  rih«  26'  was  yd  20 d.  59^  2t^^; 

*  The  Nautical  Almanac  gives  the  geocentric  place  of  Mars  only  to  eveiy  fixth 
dxy ;  for  which  reafon  I  ufed  white's  Ephemeris,  where  it  is  given  for  evexy  day, 
though  perhaps  not  with  fe  much  cxz&neb  as  I  could  wiflu 

S  a  and 
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r.nd  on  the  i7rh  of  Jun?,  at  ph.  9',  it  was  y{  12  d.  27'  22'V 

bv    which  we  obtain   the  difFerence  or  angle  rem  zzemr^ 

Now  a  fpot  on  Mars,  iituated  111  the  direction  me,  will  have 
made  a  fydereal  rcvolut-on  when  it  returns  to  the  fame,  or  z 
paralls::!  direction  ms.     From  which  we  gather^  thafethefpot  on 
the  1 7th  of  June,  after  coming  to  the  line  m^,  where  it  finiflies 
the  fynodical  revolution,  will  have  to  go  through  an  arch  of 
8, 4*  3.x'  S9^'^  ^^  order  to  arriv'e  into  the  diredlioii  i>f  thd  Ihie 
ms^  where  k  finifhes  the  fydereal  rotation*     The  time  it  wilt 
take  to  go  through  this  arch,  at  the  fydereal  rate  of  24: h«  39'  20'/ 
to  360  .degrees,  or  V, ^ 09.  ^^r  minute  of  a  degree,  will  be 
35  3  ^^  »  this  being  divided  by  the  numbers   of  revolution: 
^glves  i^  i^«\S.;.  which,  added  to  24  h.  38'  2o'^3,'  gives  ua 
24  h-  y)!  22'^!  for  the  fydereal  revolution  of  Mars,  as  found  bji 
the  third  of  the  monthly  periods.     This  quantity  will  help  usk 
to  find  a  pro£er  divifor  for.  the  three  following: long  Biennial 
periods.  ...        '=  r 

k  is  to  be  obferved,  that  Mars  has  been 'retrograde  in  the 
above  example,  for  which  reafon  the  meafure  of  the  angle,  ems 
was.  to,  be  added  to  thefyxiodical  revolution  when  we.  wanted  to 
find  the  fydereal  rotation ;  but  if  he  had  been  dired,,or  if  his 
place  had  been  moore  advanced  in  theecliptic  than  thrt  to  whicb 
we  compared  it^  as  at  /^,  then  the  line  ^r  parallel  to  em  would 
be  the  dire(^ioa  to  which  the  fpot  Ihould  return,  in  order  ta 
accomplilh  a  fydereal  revolution,  aad  therefore  the  quantity  of 
the  angle  afie  =  fi^er^  or  difference  of  the  geocentric-places  otghe 
to  be  fubtra£ted  from,  the  fynodical  rekvolution  ta  obtain  the 
fydereal  one. 


m  *         »3 


Firft 


D.   M.  s. 

Fir  ft  biennial  period,  r  7  77,.  April  .8  .  7  36       ' 

:.     ;      n^9y  }^^    6  10  lo 

789      2    40 

The  geocentric  places  of  Mars  at  thofe  times  were, 

S.    D.     '      '^,; 

6     6  31  2^ 

'  r  .  7    '13    48    30 


•  » 


I 


I     7  17     4 


turned  into  time  at  V^iop  ;^^r.  minute  of  a  degree  and  fub- 
traded,,  becauie  Mars  b  more-ndvanced  in  the  ecliptic,  is 

.      789  :  MP    P  ^    . 


Divided  by  768  rev.  789     o     6'  48,2- 

I,  revolutibh  ?:<^4h»  39'  23f^»03* 

'  D.    ir/M*.    s. 

SoQcmd  biennial  period^  '777>  A'pril  17     7  50    o 

'779»  J^Q«  15     9  45  ^7 

789     I  55  17 


^lil 


S.    D.     '       "^ 

Geocentric  places     6     3  31  ^^^7 

7  12  40  23 

V  9   ^  s^ 

I 

Turned  into  time-    789'   1  55  17 
andfubtraded ''  —    2  40  52 

.  I  ■        ■■  I         Ml       «■         !■■■ 

768  revol.     788  23  14  25. 
1  revolution  =  24  h.  39'  1 8/^94, 


I 


Third' 
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D.     H.    M.    §• 

Third  biennial  period,  1777,  April  ^26     9     5     o 

1779,  June  19     8  40  22 


«^B«« 


783  23  ^s  %z 


■•^ 


S.    D.  '      " 

Geocentric  places    6     i  24  36 

i       •    7  la  31  48 

"Till  7    12 


^m 


Turned  into  time    yS^  ^3  ^S  ^^ 
,'    .  and  fubtxaftcd      — ?-    245  t^6^ 

f 

763  revol.     7B3  20  50    6,4 
I  revolution  s  24  h,  39'  23",04. 

As  thefe  three  periods  are  fupported  by  oblervations  of  equal 
Yalidity^  I  fhall  take  a  mean  of  them  all  for  the  lieareft  approxi* 
mation  to  the  true  fydereal  revolution  of  IMbrs  on  his  axis, 
which  therefone  is  24 h.  39'  %i'\6y. 

It  remains  now  only  to  fee  how  far  we  may  depend  upon  this 
determination  of  Mars*s  diurnal  rotation  as  coming  near  the 
truth ;  and  looking  over  thofe  caufes  which  naay  poffibly  pro- 
duce any  errors,  we  find,  firft  of  all,  that  in  the  long  biennial 
periods  a  miftake.in.  the  number  of  revolutions  would  produce 
a  confiderable  deviation  from  truth.  Secondly,  in  the  obferva- 
tions  of  a  fpot  which  moves  fp  flow,  we  are  aUb^  liable  to  fbme 
confiderable  miftake  in  eftimating  the  time  when  it  comes  to  a 
certain  place;  and  the morrfb,  if  that  place  is  not  the  center. 
Laftly,  the  time  itfelf  ii  liable  to  maccuracy« 

2  '•    ;  As 
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As  to  the  firft,  it  appears^  from  the  three  monthly  periods^ 
©bferved  in  the  year  1779.,  when  the  proper  allowances  for  the 
geocentric  places  are  madey  that  the  fydereal  revolution  of  Mars^ 
cannot  well  be  lefe  than  24  h*  39^  5^^,.  nor  more  than 
24  h^  3i9'  m'^  ;  but  if  we  fliould  divide  any  one  of  the  three 
biennial  periods  by  afuppoied  number  of  revolutions^  only  one 
more  or  one  le&  than:  we  have  done,  die  difference  would  be  fb 
confiderable^  that  nothing,  but  a*  miflake  in  every  one  of  the 
three  monthly  periods^  of  at  leaft  one  whole  hour,,  could  juilify 
&ch  a  fuppoiition' ;.  and  that  fuck  a  miftake  in  the  fituation  of 
^  rpot  oni  Mars  cannot  have  beea  made  ia  thofe  obfervationsj  I 
Aink»  is.  evident  enou^  front  the  exafl?nef&  with  which  they 
Were  madb^.  and  from  thttr  agreement  with  each  other.. 

The  fecohd  caufe  of  errors  which,  is  the  uncertainty  in 
affigning  theexaft  time  when  a  fpot  comes  to  the  center,  is  of 
feme  force*  But  it  ieems  to  me  highly  probable,  fronx  the 
Baanner  m.  which  I  have  feea  the  fpots  on  Mars  pafs  over  the 
dilk  of  that  planet,  that  there  can  hardly  be  fo  great  an  error 
as !(/  in  an  obfervation  of  any  remarkable  loot's  coming  to 
tfie  center..  However,,  not  being,  willing  to  truft  more  to  the 
eye  than  1  ought  to  do,  I  had  recourfe  to  the  following  experi- 
ment, idrew  fe\ceral  circles  of  one  inch  radius,  taking  care  to^ 
make  na  vifible  impreflion  of  a  center ;  and  phced  in  each  a 
fine  point  at  die  feveral  diftances^  of  .0424,  .0636,  .0848,  in  ten 
Aoufands  ef  aa  inch  from,  the  real  center ;.  fome  to  the  right,, 
•thers  tothe  left-  Theilb  meafiires  are  the  fines  to  radius  one,, 
©f  z*  26',  3^  39',,  and  4*"  52',  which  are  the  arches  a  fpot  on. 
Mars  pafles  over  in  to^  15,.  20'  minutes  refpedtively.  t  ex- 
pofed  them  to.  feveral  pcpfons^  unacquainted  with  my  defigns,. 
and  found;  that  not  one  of  them  made  a  (ingle  miftake  in  lay- 
ing wiiethct  the  point  was,  or  was  not,  in  the  center  of  the 

circle,. 
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circle,  and.  which  way  jt  .dev^^ted.  from  it^:  ^s  tKe.dicqaioo  of 
the  rnotion  of  a,  fppt. 011  Mars  is  known,  J  .thought  the  perfons 
wno  were  to  judge  of  the  place  of  the  points  were  intiUed  to 
"be  acquainted  with  the  line  in  which  they  were  placed,  ..which 
for  that^  rpal9n  was ,  always  ttq  the  riffht  and  Ipft  only.  The 
points  that  anlwer.to  the  exxrentricity  of  ;i  c  at^d  zo^  are  indeed 
ib  vifibly  put  of  the  center,  that  1  believe  we  may  fafely  fay, 
that  any  miftake,  in .  eftirhating  the  time  of  a  foot  on  Mars 
coming. to  the  center,  cannot  weU. exceed  a  quarter  of  an  hour 
at  the  outfide. .  •  -.  ,    r    /     .   ./•  " 

As  for  the  third  and  laft  occafion  of  .error,  the  time  itfelf,  I 
believe  my  manner  of  obtaining  and  keeping  it  in  the  year 
1779  will  appear  fatisfadlory,  gnd.  may,  1  think^  be  depended 
upon  to  a  few  feconds  ;  but  the  obfervations  of  the  year  1777, 
andeed,  are  far.  from  having,  the  fame  advantage.  I  ..was  not 
then  provided  with  an  altitude  inftrument,  therefore  fet  my 
clock  by  a  good  fun-dial,  with  the  equation  of  time  contained 
in  the  Nautical  Almanac,  and^  found  it  tg  agree  generally  to  ^ 
minute  or  two  with  the  time  calculated  for  the  eclipfes  of  Tu* 
piter's  firft  fatellite,  as  I  deduced  it  for  Bath  from  the  Nautical 
Almanac.     However,  it  was  certainly  liable  to   an  error  of 

feveral  minutes;  therefore^  allowing  no  lefs  than  10'  for  the 

■\     '  —     • 

clock  in"  1777,  ai:\d  20'  for  an  error  in  eftimating  the  fituation 
of  a  fpot  in  1 779,  it  will  both  ampunt  to  half  an  hour :  then, 
if  we  take  a  mean  of  the  three  numbers,  whereby  we  have 
clivlded  the  three  biennial  periods,  we  have  766/,- ;  and  half  an 
hour^  divided  by  766;,  will  therefore  give  us  the  quantity  to 
which,  it  feems,  can  amount,  all  the  uncertainty  in  the  lydereal 
diurnal  rotation  of- Mars,  which  is  2'^34.  , 

A  nearer  approximation  to  truth  I  hope  to  obtain  at  the  next 

oppofition,  which  will  happen  about  the  n[^iddle  qf  July  1781. 

6  I  have 


ah  the  Roiaim  of  th'eplahfiti^  &c.  ijy 

I  have  ventured  to  calculate  the  times  for  that  oppofition, 
when  the  edge,  of  the  remarkable  dark  fpot  -will  be  feen 
near  the  center,  as  it  is  in  figure  23,  or,  which  is  the  fame 
thing,  as  ijt  was  the  nth  of  May  I779>  at  i2h.  17'.  The 
Ipot  not  being  vifible  at  the  time  of  the  oppofition,  I  have  taken 
the  neareft  period,  before  and  after,  in  which  it  will  pafs  over 
the  diflc.  There  is,  howevgr,  a  circumffance  which  may  make 
the  appearance  of  the  fpot  not  quite  fimilar  to  the  figure  1  have 
drawn,  even  though  the  rotations  fliould  perfeilly  anfwer  as  to 
the  times  ;  for  the  pofition  of  the  axis  6f  Mars  being  ftill  in 
feme  meafure  unknown,  I  could  make  no  allowance  for  a 
change,  which  a  difference  in  the  fituation  of  no  lefs  than  two 
figns  may  occafion,  though  in  all  probability  it  will  not  be 
very  confiderable. 

Thofe  who  are  provided  with  proper  telefcopes  will  have  an 
opportunity  to  fee  how;^  far  the  calculated  times  agree  with  the 
fpot's  appearance ;  and  it  is  by  this  means  I  alfo  hope  to  correct 
and  improve  thq  tables  I  have  drawn  up  for  this-  purpofe,  and 
further  to  approximate  to  a  true  theory  of  the  gyration  of  this 
planet,  *       "      " 

Not  knowing  the  exaft  difference  of  meridians  between 
Greenwich  and  tliis  place,  I  have  calculated  tlie  fpot's  ap- 
pearance for  the  meridian  of  Bath,  From  :  an  eclipfe  or 
two  of  Jupiter's  fatellites,  of  which,  by  the  favour  of  the  Rev. 
Mr.  HORNSBY,  I '  have  feen  correfpondent  obfervations,  I  fup- 
pofe  the  difference  cannot  be  much  lefs  than  9'  weft  of  Green- 
wich ;  and  at  the  fame  time  I  join  an  account  of  the  folar 
eclipfe  of  the  24th  of  June  1778,  which  may  .be  depended 
upon  as  a  very  compleat  obfervation,  and  may  ferve  to  afcer- 
tain  the  longitude  of  this  place. 

V0L.LXXI.  T  Eclipfe 


v^fi.     Mr,  B^Mcmh*^  Jfir^nmkal  OBJervatims,  dta. 

Ecfipfe  of  the  futt  obfcrred  at  Bath. 
•      Jun«r24,  1778.. 

f 

H.   M.    $• 

Beginning  by  eq[aaTed'  or  mean:  time, ,    3  30  1 0,7^ 
End,  /  •  ^  ^  (•  tt    7,y: 

C^lbnktions^  or  (as  ^c  prmelples  oa  which  they  are  founded 
aee  fialiieftablifhed  upon  a  few  obiervatioiis  only,  aodrequii^ 
&niB  duitt  for  mature  confirmation);  I  would  rather^  if  h 
nsightl  bv  allowed/  the.  expreffion^  call  theioi  calculated  con-^ 
je£tures  of  the  times  when  the  remarkable  dark- ipot  will  be 
&<m  neav  the  eeiMfer  q£.  tkus  dxikot  Mars... 

For  Jun«,  Jalj^  andlAuguft^  o£:  the  year  lySii 
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XI-  Some  Account  of  the  Termites,  v^hich  are  found  in  Africa 
and  other  hot  Climates.  In  a  I^etter  from  Mr.  Henry 
Smeathman,  of  Clement^s  Inn,  to  Sir  Jofeph  Banks^  Bart. 


Read  February  i^,  178,1^ 

Bin,  ClcowftA  Inn, 

Jan.  23,  1781. 

CVF  a^eat  many  curipws  parts  of  the  creation  I  met  with 
^  on  my  travels  in  that  almoft  unknown  dittrift  p/  Africa 
called  Guinea,,  the  teiimites,  which  by  moft  travellers  have 
been  called  white  ant^,  feemed  to  me  on  many  accounts 
mofl:  worthy  of  that  exaft  and  miixute  attention  which  I  have 
befbwed  upon  them. 

Tihe  ,anaaauijgly^great  andXudden  mifchkf  ,th^  frequently 
do  to  the  property  of  people  in  tropical  climates,  makes  them 
well  lenawn^and  greatly  feared  by  the  inhabitants. 

The  J5ze  and  .figure -of  their  buildings  have  attfafted  the 
notice  of  many  traveller^,  aad  yet  the  .world, has  AQt  hitherto 
been  furniftied  with  a  ^lerable  deicriptiQa  of  (hem,  .though 
their  xomrivance  and  execution,  fcacce  iall  Xhort  of  human  inge- 
nuity ;and  prudence ;  hut  when  we  come  to  confider  the  won^ 
^rful  oeconomy  of  thefe  infeft^  with  ;the  good  order  of  their 
fubterraheous  cities,  they  will  appear  foremoft  on  the  lift  of  the 
wonders  .of  thecreatioq,  as:mQftxbiely  ioutatingimaiikind  iu 
provident  induftry  and  regular  j^overxuaetit* 

T  s  You 
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You  had  barely  time  to  fee  and  to  admire  fome  of  their 
buildings  in  New  Holland,  and  have  been  pleafed  to  fay,  you 
think  an  accurate  account  of  them  would  meet  a  favourable 

« 

reception  from  the  Royal  Society,  That  which  I  now  have  the 
honour  to  prefent  to  you,  is  accurate  and  faithful  as  far  as  it 
goes.  I  have  kept  as"  clofe  to  my  fubje£t  as  was  'in  my  power, 
without  being  obfcu  re,  or  falling  Ihort  of  my  intention;  and 
though  I  have  given  only  the  heads  of  what  I  could  draw  from 
my  memorandums  on  the  fubjeft,  they  will  probably  be  found 
fufficiently  defcriptive  and  hiftorical  for  the  bounds  of  a  letter. 

The  fagacity  of  thefe  little  infefts  is  fo  infinitely  beyond 
that  of  any  other  animals  I  have  ever  heard  of,  that  it  is  pofli- 
ble  the  accounts  I  have  here  communicated  would  not  appear 
credible  to  many,  without.fuch  vouchers  and  fuch  corroborating 
teflimony  as  I  am  fortunately  able  to  produce,  and  are  now 
before  you.  There  are*  alfo  many  livihg  witneffes  in  England 
to  moft  of  the  extraordinary  relations  that;l  have  given,  fo  that 
I  hope  to  have  fiill  credit  for  fuch  remarks  as  no  one  but  myfelf 
has  probably  had  time  and  opportunities  enough  to  make,  and 
which  are  not  fiifceptible  of  demonftration,  except  in  thole 
places  where  the  infefts  are  found. 

Such  as  they  are,  I  beg  leave  to  lay  them,  with  all  diffidence 
and  humility,  before  you  and  that  illuftrious  Body  of  which 
you  are  Prefident ;  and  If  they  fhould  in  a  fmall  degree  meet 
with  approbation,  I  fhall  be  exceedingly  fatisfied,: 

Thefe  infefts  are  known  by  various  names.     They  belong  ta 

the  TERMES  of  LiNNiEUs,  and  Other  fyftematical  naturaliftsi. 

In  the  windward  part%  of  Africa  they  are 

called  Bugga  Bltgs. 
By  the  EngUfli,  j  j^^  j^g  ^^^  j^^- g^  ^^^^  j^-^^^  jp^j  ^^^^ 

oxWbiteAnti^  - 

By 
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f  At  Senegal,  Vague-Vagues. 
In  the  Weft  Indies,  Poux  de  Bois^  or  Four» 
mis  Blanches. 
By  the  Bolms,  or  Sherbro  people,  in  Africa,  Scantz. 
By  the  Portugueze  in  the  Brazils,  Coupie  or  Cutters^  from 
their  cutting  things  in  pieces. 
I  By  this  latter  name  and  that  of  Piercers  or  Eaters^  and  fimi- 

lar  terms,  they  are  diftinguifhed  in  various  parts  of  the  tropical 
regions* 

The  following  are  the  fpecific  dif!erences,  given  by  Dr.. 
80LANDER,  of  fuch  infeiSts-  of  this  genus  as  I  have  obferved  and 
coUeded. 

t.  TEBMES  helUcofus  corpore  fufco,  alis  fufcefcentibus :  coft& 
ferniginea,ftemmatibus  fubfuperis  oculo  propiiiquis,  punfta^ 
centrali  <prominulo. 
^^  rE.K't/LKsmordax  nigricans,,  antennis  pedibufque  teftaceis,. 
alis  fuliginofis :  arei  marginali  dilatatS :  coft^  nigricante^ 
fiemmatibus  inferis  oculo  app^oximatis,   pun^to  centrali 
impreiib; 
3.  TERMEs  atrox  nigricans,  fegmentis  abdominalibus  mar^- 
gine  pallidis,    antennis   pedibufque  teftaceis,  alis  fuligii- 
nofis:    coftA  nigra,  ftemmatibus  inferis,  p\m£to  central^ 
impr^fib. 
4*  TERMES  deftru&or  nigricans,  abdominis  Ime^  lateral!  lutea^* 
antennis  teftaceis,   alis  hyalinis :    cofti  lutefcente^.  ibm^ 
maribus  fubfuperis,  punflo  centrali  obliterato. 
5«   TERMES    arborum  corpore  teftaceo,:  alis  fufcefcentibus: 
cofti  lutefcente,.  capite  nigricante,    ftemmatibus  inferig- 
oculo  approximatis,  pun6lo  centrali  impreflb^ 
^^e  Terniitcs  arc  reprefented  By  linn^us  as  the  greatefld 
^^^ties  of  both  Indies,  and  are  indeed  every  way  between  ^  the  ■ 
X  Turopicsi 
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Tropics  fo  deemed,  from  the  vaft  damages  they  caufe,  and  the 
lofies  which  are  experieuced  mconfequence  of  their  eating  aiid 
perforating  wooden  buildings,  utcn/ils,  and  furniture,  with  all 
kinds  of  houleholdnftufF  and  merchandize,  which  are  totally 
dcfl royed  by  them,  if  npt  timely  prevented .;  for  nothing  lefs 
hard  than  metal  or  ftone  can  efcapc  their  moft  deJUruftive  jaws. 

They  have  been  taken  notice  of  by  various  travellers  ia  dif- 
ferent parts  of  the  torrid  zone ;  and  indeed  where  numerous,  as 
is  the  cafe  in  all  equinoflial  countries  and  iflands  that  are  not 
fully  cultivated,  if  a  perfbn  iias  not  been  incited  ,by  curiofitgr  to 
obferve  them,  he  xnuft  have  been  very  foirtunate.  wjhoy  after  a 
fhort  refidence,  has  not  been  compelled  to  it  for  the  i(afety  of 
his  property. 

Thefc  infe<fts  have  generally  obtained  the  name  of  »Ants,  it 
maybe  prefumed,  from  the  fimilarity  in  their  .manner  ^  liv- 
ings which  is,  in  large  communities  that  eced  very  extraordi- 
i>aiy  neffs,  for  the  inoftipart  on  theiiirface  of  thejgfQun4»  from 
whence  their  excurfions  are  made  through  fubterraoeouB  paflages 
or  covered  galleries,  which  they  build  whenjsvcr  neceflity 
obliges,  or  plunder  induces,  theol  to  march  above :graund,  .and 
at  ;a  great  diftance  from  their  habitations  'cariy  on  e  buiinefs  of 
^epredatioti  and  ^deftruftion,  ixratce  jcredihle  but  tto  :thoie  who 
have  feen  it.  But  not  with  (landing  they  live  in  iHimmuuities, 
and  are  like'the  Qitt«(omnivorous^  though  like  them  ataeertain 
period  they  arc  furniihed  with  four  wings,  anS  emigrate 'Or  co- 
lonize at  the'iameieaibn.;  they  are  by  no  meaiifi  ithe  &aie  kind 
of  infe£l«,  nor  does  their  fo^m  xorrBipond  with  thatrof  Anifin 
Qny  one -ftate'df  their  eaufbeoBce,  whkh^  like -moft  other  infeds, 
is  changed  fevecal  times. 

The  Termites  refemblethe  AntS;alfo  in  tbsir  (pmvident. ^nd 

idiligent  labour,  but  furpafs  them  as  iKrdd  as  i&e  fijfeeif^  Wa^s^ 

J  Heavers, 
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BeayerSy  and  allother  ai^imald  whidi  Ihaine  ever  heard  of,  i» 
the  arts  of  building,,  as  ^much' as  the  Europeans  excel  the  leaft 
cultivated  favages.  It;  is  xnore  than  probable  they  eiicelthem 
as  miichi  in  iagacity  andthe:  arts* of  government';  it  iscertaitr 
they  (hew  mc^.  fub^milial^inftances  of  their  ingenuity  and 
induftry  than  any^other  animak  ;  aijddoin  fe£l  lay.iip  vaft  maga^ 
zines  of  provifions,  and  other  ftores .;  a .  degree  of  prudences 
which  has  of  Jate  years  been  denied,  perhaps  without  reafon,  to 
the  Ant&W.:  ,  •     •      •;  .  -    '        '      '  - 

Such  however  are^the  extraordinary  ciifcumftantQS  attending 
their  oeconomy  and  f^Qcity,  that  it  is^  difficult,  to  determine,. 
whether  they  are  more  worthy  of  the  attention  of  .the  curious' 
and  intelligeat  part  of  manJcind^on'th^Te  accounts,  or  from. 
the  ruinous,  confcii^ences-  of  (heir  ^  depredations,  which  b^ve 
deiervedly  procured  them  the  name  of  Fatalis  or  DeftruSlon'^ 

As  this  is.  the  cafe,  it  is  a  littlje  furprifing  that  an  accurate 
, natural,  hiftory .  of:  thefe^  woAderfbl    infe&s    has  not  been** 
attempted  long  fince  ;^  f  fp^cially,  as/  according  to;B0$M an.  (who 
wrote  the  beginning  of  this  century)  in  his  defcripticn  of  the 
Coaft  of  Guinea^  fbme  curious  cicumdances  relative  to  them: 
muft  have  been  known.     According,  to  ^  that  gentleman,  the 
King  was  fuppofed.toJje  as  large  as  a  Cray-fiih  <*). .  Thi«,  though i 
a  bad  companion,..  i&  pretty^near  the. truth  m  refpeA  to  the  iize; 
of  the  female,  who  is  the  Common  M>tber  of  the  commumty  S' 

(i)  Though  Ants  have  no  occafion  to  laj^  up  ftores  for  winter -in  cold  cUmaKi, 
they  certainly  muft  and  xlo  carry  gfjeat  quantities  of  proviAoqs  into  their  neils  tO'* 
feed  the  young  bi'ood;  and  moil  probably  pfovide  feme  l)eforQ  hand  for  fe^rpfv 
accidents,  whieh  might  be  fatal  to  the  ypung  ones,  who^  like- all  infeji^i\  ia  the^ 
caterpillar  ftate,  are  very  voracious,  and  cannot  bear  difappointmeats  q£- long, 
duration. 

0)  BOSMCAH V  Guinea,  p.  266. 

T4,  and,, 
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and,'  according^to  the  mode  w6  have  adopted  from  time  imine^ 
ttorial  In  fpeakiiig  of  Ants  and  Beea,  the  oyESK. 
:  Thofe  communities  coiifift  of  one  male  and  out  female  (who 
«e*g«Qerally  the  common  parents  of  the  whole,  or  greater  part, 
<Iif  the  reft),  an Aof  three  orders  of  infers,  apparently  of  very 
different  fpecies,  but  really  the  fame,  which  together  compoie 
great  commonwealths,  or  rather  monarchies,  if  I  may  be  al-* 
lowed  the  term* 

The  great  mnn^us,  liavingieen  or  lieard  of  l>ut  two  of 
thefe  orders,  ^has  dailed  the  genus  erroneoudy ;  fer  he  has  placed 
it  among  the  Aptera^  ©r  infe6ls  without  wings ;  whereas  the 
chief  order,  that  is  to  fay,  the  infeft  In  its  perfeA  ibte, 
having  four  wings  without  any  itingv  /it  belongs  to  the 
Neuroptera-^  in  which  claTsat  will  cenftltute  a  ne^  genus  of 
many  fpecies^?.  '-■■' 

The  di&rent  fpecies  <^ef  this  >geRU3  referable  eadi  other  ia 
ferm,  in  their  manner  of  living,  and  in  their  good  and  bad 
qualities.:  but  difier  a^  much  as  hirds  an  iSie  manner  of  builds 
ing  dior  hafaitatiottSior  neftb^  and  4a  the  Choice  ^f  the  mate- 
lials  of  Whicfh  they  corapofe  them* 

There -are  Ibme  fpecies  winch  boild  tipon  the  furface  of  the 
ground^  arpart  abiwe  and  ;part  beneath,  and  one  oic  two  fpecies, 
rpQfhap^  more,  4iiat  bulk!  on  theilcms  bi  brandlea  of  crees^' 
fometimes  aloft  at  a  v^ft  ii^ight. 


.  >  •  < 


t3)I-ltavc  no  doubt,  from  the  atcount  and  figures  given  of  thd  Earopesa 
Termcs  PuMatorius,  or  Death  Watdh/by  the  illuftriqus  ^K%<Tvt  DE'G£&a»  io  hit 
fcrenth  volume  oi  Memoires  pvur  fervir  ai"  Htfiotri  des  Infe&e^  that  ia  their 
jperfeft  ftate  they  have  wings,  and  fwartn  or  emij^atey  and  live  ia  a  jmasner  analo- 
gpU9  to  thofe  of  hot  clhxiates.;  for  they  feem  to  have  quite  the  external  Cbrm  of 
llhe  exotic  Termes,  that  isrtorfay,  of  the  firft  and  third  •rdor.^e  cfixe.  Me* 
iBoirc^t  tonu  VU.  p..45.  pU  i v.  fig.  x,  j».  5,  &  4« ' 

Of 
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Of  every  fpecies  there  are  three  orders;  firft,  the  worldng 
infers,  which,  for  brevity,  I  ihall  generally  call  labourers  % 
•next  the  fighting  ones,  ot  foldiersy  which  do  no  khid  of 
labour ;  and,  laft  of  all,  the  winged  ones,  or  perfeSi  inJeSs^ 
which  are  male  and  female,  and  capable  of  propagation* 
Thefe  might  very  appofitely  be  called  the  nobility  or  gentry^ 
for  they  neither  labour,  or  toil,  or  fight,  being  quite  incapable 
of  either,  and  almoft  of  felf-defence,  Thefe  only  are  capable 
of  being  eledled  kings  or  queens ;  and  nature  has  fo  ordered  it, 
that  they  emigrate  within  a  few  weeks  after  they  are  elevated 
to  this  ftate,  and  either  eftablifh  new  kingdoms,  or  periih 
within  a  day  or  two. 

The  Termes  belUcofus  being  the  largeft  (pecies  is  moft  re- 
markable and  beft  known  on  the  Coaft  of  Africa.  It  ere€ls 
immenfe  buildings  of  well- tempered  clay  or  earth,  which  are 
contrived  and  finiihed  with  fuch  art  and  ingenuity,  that  we  are 
at  a  lofs  to  fay,  whether  they  are  moft  to  be  admired  on  that 
account,  or  for  their  enormous  magnitude  and  folidity.  It  is 
from  the  two  lower  orders  of  this,  or  a  fimilar  fpecies,  that 
LiNN^xxs  feems  to  have  taken  his  defcription  of  the  Termes 
Fatalis ;  and  moft  of  the  accounts  brought  home  from  Africa 
or  Afia  of  the  white  Ants  are  alfo  taken  fr^m  a  fpecies  that 
are  fb  much  alike  in  external  habit  and  fize,  and  build  {o  much 
in  their  inaiincr,  that  one  may  almoft  venture  to  pronounce 
them  mere  variations  of  the  fame  fpecies. 

The  reafon  that  the  larger  Termites  have  been  moft  remarked 
is  obvious ;  they  not  only  build  larger  and  more  curious  nefts, 
but  are  alfo  more  numerous,  and  do  infinitely  more  mifchief  to 
mankind.  When  thefe  infefts  attack  fuch  things  as  we  would 
not  wifh  to  have  injured,  we  muft  confider  them  as  moft  perni- 
cious ;  but  when  they  are  employed  in  deftroying  decayed  trees 

V0L.LXXI.  U  and 
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and  fubftances  which  onlj*uiGumber  the  fur  face  of  the  earthy 
they  may  be  joiftly  fugpofed  very  ufeful,  and  for  the  reafon  tha 
they  are  in  one  fen&  mofl'  pernicious,  they  are  in  the  other  moffe 
Aifeful.  In  this  refpe<9:  they  refemble  very  much  the  common  Flies,, 
which  areregarded by  mankind  in  general  as  noxious,  and  at 
beft  as  lifelefs  beings  in  the  creation.;  but  this  is  certainly  for 
want  of  confideration.    Thece  are  not  probably  in  all  nature 
animals  of  more  importance,  and  it  would  not  be  difficult  to 
prove,  that  we  fhould  feel  the  want  of  one  or  two  fpecieSL 
of  large  quadrupeds,  much;  lefs  than  of  one  or  two  fpecies; 
of  thefe  defpicable-looking  infe£b.     Mankind  in  general   ara 
fenfible  that  nothing   is   more  difagreeable,  or  more  pefti* 
fcrous,    than  putrid  fubftances;:   and  it  is  apparent    to    all! 
who  have  made  obfervation,.  diat  thofe  little  infefts-  contri^ 
bute  more  to   the  qiuick  diflblution*  and-  difperfion  of  pu- 
trefcent  matter  than  any  othen     They  are  fo  neceflary  in  alt 
hot  climates,  that  even  in  the  open  fields  a.  dead  animal  or 
fmall  putrid"  fubftance  cannot  be  laid  upon  the  ground  two  mi- 
nutes before  it  will  be  covered  with  Flies  and  their  Maggots^. 
which  inftantly  entering  quickly  devour  one  part,   and  per» 
fbrating  the  reft  in  various  direftions,.  expofe  the  whole  to  be 
much  fboner  diffipated:by  the  elements.  Thus  it  is  with  the  Ter- 
mites;, the  rapid  vegetation  in  hot  climates,  of  which  no  ideaxraa. 
be  formed  by  any  thing  to  be  feen  in  this,  is  equalled  by  as  great 
a  degree  of  deftruftion  from  natural  as  well  as  accidental  cau(es(*\. 
It  feems  apparent,  thajt  when  any  thing  whatever  is  arrived! 

at  itslaft  degree  of  perfection,,  the  Creator  has  decreed  it  fhall 

* 

U)  Tho  6ninea  grafs,  which  is  ib  well  known  and  fo  much  efteemed  by  our 
planters  in  the  Weft  Indies,  grows  in  Africa  thirteeo  feet  high  upon  an  ayerage» 
which  height  it  attains  in. about  five  or  fix^monthi;  and  the  grovth.of  many  other 
plants  is  as  ^uick.. 

be 
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1>e  totally  deftroyed  as  foon  as  poffible,  that  the  face  of  nature 
may  be  fpeedily  adorned  with  frefli  produftions  in  the  bloom  of 
fpring  or  the  pride  of  fummer :  fo  when  trees,  and  even  woods, 
are  in  part  deftroyed  by  tornadoes  or  fire,  it  is  wonderful  to  ob* 
ferve,  bow  many  agents  4re  employed  in  haftentng  the  total 
diflblution  of  the  reft  (5) ;  but  in  the  hot  climates  there  are  none 
fo  expert,  or  who  do  their  bufinefs  fo  expeditioufly  and  effeftually, 
as  thefe  infers,  who  in  a  few  weeks  deftroy  and  carry  away  the 
bodies  of  large  trees,  without  leaving  a  partide  behind,  thus 
clearing  the  place  for  other  vegetables,  which  foon  fill  up  every 
vacancy ;  and  in  places,  where  two  or  three  years  before  there 
has  been  a  populous  ^own,  if  the  inhabitants,  as  is  frequently 
the  cafe,  have^choien  to  abandon  it,  there  (hall  be  a  very  thick 
wood,  and  not  the  veftige  of  a  poft  to  be  feen,  unlefs  the  wood  has 
been  of  a  fpecies  which,  from  its  hardnefs,  is  called  Iron  woodm 

My  general  account  of  the  Termites  is  taken  from  obferva^ 
fions  made  on  the  Termes  betticojus^  to  which  I  was  induced  by 
the  greater  facili^  and  certainty  with  which  they  could  be  made. 

The  nefts  of  this  fpecies  are  Co  numerous  all  over  the  ifland 
of  Bananas,  and  the  ac^'acent  continent  of  Africa,  that  it  is 
icarce  poftible  to  ftand  upon  any  open  place,  fuch  as  a  rice 
plantation,  or  other  clear  i^t,  where  one  of  thefe  buildings 
is  not  be  feen  within  fifty  paces«  and  frequently  two  or  three 
are  to  be  feen  almoft  clofe  to  each  other.  In  fbme  parts  near  Se- 
negal, as  mentioned  by  Monf.  adanson,  their  number,  mag- 
nitude^  3vA  'clofenefs  of  fituation,  make  them  appear  like  the 
villages  of  the  natives  ^^^  j:  and  you  have  yourfelf  feen  them 
perhaps  ftill  more  numerous^  though  not  fo  large^  in  New 
Holland.  Thefe 

(5)  See  Stillxkgflbbt^s  TraAs« 

(^}  *^  But  of  dl  the  extnordinaty  tldsigt  I  oUisnred,  nothing  ftruck  me  more 
^  than  ctftain  eminenoes,  which,  by  their  height  and  regularity^  made  me  take 

U  a  **  them 
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Thefc  buildings  are  ufually  termed  hills,  by  natives  as  well 
as  ftrangers,  from  their  outward  appearance,.,  which  is  that  of: 
little  hills  more  or  left  conical,  generally  pretty  much  in  the 
form  of  fugar  loaves,  and  about  ten  or  twelve  feet  in  perpen- 
dicular height  above  the  common  furface  of  the  ground  >>  CO  (9)^ 
tab.  VIL  fig,  i^. 

Thefc 

■ 

^  tbim^  at  a  diftance  fdr  an  aflemblage  of  negroes  huts '  or  a  confiderable  viirage,, 
**  and  yet  they  were  only  the  nefls  of  certain  infe^.    They  are  round  pyramids. 
**  from  eight  to  teafeet  high*  upon  nearly  the  fame  bafe,  with  a  iinooth'  furface 
♦•  of  richcliy,  exceffivcly  hard  and' well  built.""    at>  an  son's  Voyage  to  Senegal,. 
fcro,  p.  J 55 — 3-57.    Voyage  de  Senegal,  4to;  p^^  8j[  and  ^9.. 

Note.  What  Mr..AOAN80N.fays  of .  the* opeawg  which  giyesingrefr  and  regret 
ii  .manifefily  a  miftake^.  arifing  from  the  natunt  condofion.  that  thofe  infe£b  hadr 
ibme  way  out  and  in  to  their  nefts^  without  examining  where  it  was.  ItVillf 
appear  by  this  account,  that  th<ey. have  many  thou&nd  ways  out  and  in,  .but  ail i 
fbbterraneous.- 

(7)  joBsoN,  in  hts  Hiftory  of^ Gambia,  (ays,  ** 'The  Ant  hilK«re remarkable* 
^*  cad  up^  in  thofe  parts  by  Filmires,  fome  of  them,  twenty  foot  in^height,  of) 
**  compafle  to.contayne  aiio2en.  men,  with,  the  heat  of.the. fan. baked. into  that' 
*'  hacdnefle,,^  that  we  ufed  to  hide  ourfelves  in.  the.nrgged  toppes  of- them,  whom 
**  we  took  up  Hands  to  fhbot  aldeecftor  wild.beafls^'''  pujlcha&'s  Pilgrims,  ,voL. 
H.  p.  1570. 

(8)  "  The  Ants  make  ncfti  of- the  earth  about  fw/V^  the  height  .of  a. mm.*^" 
ft0SMAM*s  De&ription.of  Guinea,  p,  J76 — 495. 

(9)  The. labourers  arc.not  qifitc  a  quarter  of. an* inch  in  length;  hbwcverf  forr 
the  fak%  of  avoiding  f radons,  and  of  comparing,  them  and  their  buildings  with  ' 
thofe  of  mankind  more  eaiit^r^  I  eflimate  their  lengttior  height  fo  much,  and*, 
the  human  (hmdardof  length*t>r4ibight,  al&  to  avoid  fradbbn^,  at  fix  feet,  which  ^ 
is  likewife  above  the  height  o£  men.  If  theaone  labburer  is  ir  :to  one-fourth  of^ 
aninch  r::to  fix  feet ^  four.  labourers  are  =r  to  one  inch  in  height  =1:24  feet^. 
which  multiplied' by  12  inches,  gives  the  comparative  height  of  a  foot^of  tKeir. 
building  =:  288  feci  of  tbe>building  of  menj  which  routtiplicd'by  iofcet,the  fup% 
pofed  average  height  of  one  of  their  nefts  is  =r '2880  of  ourieet,  which  is  240  feet 
more  than  half  a  miki  or  near  five  times  the  height  of  the  great  pyramid  j  and,  as  it 
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THcfe  hills  continue  quite  bare  until  they  are  fix  or  eight  feet 
High ;  but  in  time  the  dead  barren  clay,  of  which  they  are 
Gompofed,  becomes  fertilized  by  the  genial  power  of  the  ele- 
ments in  thefe  prolific  climates,  and  the  addition  of  vegetable 
{kits  and  other  matters  brought  by  the  wind ;  and  in  the  fecond* 
or  third  year,  the  hillock,  if  not  over-fhaded  by  trees,  becomes, 
lik;e  the  reft  of  the  earth,  almoft  covered  with  grafs  and  other' 
plants ;  and  in  the  dry  feaibn,  when  the  herbage  is  burnt  up 
by  the  rays  of  the  fun,  it  is  not  much  unlike  a  very  large 
lMiy-cock<'^)  ^ 

Every  one  of  thefe  buildings  confifts  of  two  diftinfl:  partS^- 
tile  exterior,  and  the  interior. 

The  exterior  is  one  large  ihell  in  the  rhanner  of  a  dome, 
large  and  ftrong  enough  to  incldfe  and'flieltfer  the  interior  from- 
the  vicifHtud^  of  the  weather,  and  the  inhabitants  from  the 
attacks  of  natural  or  accidental  enemies.  It  is  always,  there* 
fbre,  much.ftronger  than  the  interior  buildings  which  -  is  the* 
habitable  part  divided  witK  a  wonderful  kind  of  regularity  and 
contrivance  into  an  amazing:  number  of  apartments  for  the 
refidence  of  the  king  and  gueen^  and  the  nurfing  of  their  nu^ 

If  proportionably  wide  at  the  bafe,  a  great  many  times  its  folid  contcfits.     If  to  this* 
comparifon  we  join  that  of  the  time  in  which  the  different  buildings  are  ere^ed,^ 
and  confider  the  Termites  as  raifing  theirs  ia  the  coorfe  of  three  or  four  years ,  the 
iiDmeafityof  their  wbrks  fets  the  boafied  magnitude  of  the  antient  wonden  of* 
the.w<M'id  in  a  inoft  diminutive  poiet  of  view,  and  gives  a  fpecimen  of  induftry 
and  enterprize  as  much,  beyond  the  pride  and  ambiiioa  of* men  as  St.  Paul's' 
Cathedral  exceeds  an  Indian  hut. 

(lo)  See  a  figure  ef  one  of  thofe  nefis  in  salmon's  Univerfal  Travelleri  in  the. 
^mapof.  Gambia,  where  it  is  called  a  Pifmire  Hill :  there  is  alfo  a  figure  of  one-, 
of  the  labouring  ihfe^ ;  but  as  the  hill  is  reprefented  below  all  proportion,  and 
thie  itkMt  rather  larger  than  Itfe^  it  gives  no  idea  of  the  b^iilding.  I  have  not  been  * 
aMe.to  find  out  from  what  author  salmom  took.this  figure  ;  and*it  is  the  only.  one. 
I  iiave  met  withw 

meroui.^ 
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merous  progeny ;  or  for  magazines^  which  are  alvfr^s  £i\lhd. 
well  filled  with  ftores  and  provifions. 

I  fliall  forbear  at  this  tiniie  entering  into  a  very  minute 
account  of  the  infide  of  thefe  wonderful  buildiiigs^  as  the  bare 
recital  might  appear  tedious ;  though  I  ftattet  nayfelf,  that 
when  I  have  an  opportunity  of  communicating  it  to  the  publick 
at  large,  the  readers  will  follow  me  through  an  exzGt  defcrip- 
tion  of  them  with  pleafure. 

Thefe  hills  make  their  firft  appearance  ahosre  ground  by  a 
little  turret  or  two  in  the  Ihape  of  fugar  loaves,  which  are  run 
a  foot  high  or  more^")*  Soon  after,  at  fome  little  diftance, 
while  the  former  arc  increafing  in  height  and  fize,  they  raife 
others,  andfbgoonincreafing  the  number  and\ndeniDg  them 
at  the  bafe,  till  their  works  below  are  covered  with  thefe 
turrets,  which  they  alwjays  raife  the  higheft  and  laigeft  in  the 
middle,  and  by  filling  up  the  intervals^  hettween  each  turret^ 
colled  them  as  it  were  into  one  dome. 

They  are  not  very  curious  or  exad  ahent  thefe  turrets,  ex- 
cept iii  making  tl>em  very  felid  and  ftrong^  and  when  by  the 
Jundion  iof  them  the  dome  is  compleated,  for  whicii  purpofe 
the  turrets  anfwer  as  fcaffolds,  they  take  away  the  middle  ones 
entirely,  except  the  tops  (which  joined  together  make  the 
crown  of  the  cupola)  and  apply  the  clay  to  the  building  of  the 
works  within,  or  to  erecting  frefh  turrets  for  the  purpofe'  of 
raifing  the  hillock  ftill  higher;  fo  that  no  doubt  fome  part  of 
the  clay  is  ufed  feireral  times,  like  the  boards  and  pofts  of  a 
fnafbn^^  fcaffold. 

(<0  Some  of  tbefe  tttrrets  are  repvefeated  m  fhe  mw  ef  th«r  hilU,  (cab« 
VII.  fig.  5.).  I  have  feen  turrett  oa  the  fidof  of  thsit  adit  four  or  fi>ve  ftet 
high  (ub.  VIL  fig.  X.  a.  a.  aO« 

3  When 
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When  thefe  hills  are  at  about  little  more  than  half  their  height, 
it  is  always  the  practice  of  the  wild  bulls  to  ftand  as  centinels  upon 
them,  while  the  reft  of  the  herd  is  ruminating  below  (tab. 
VIL).  They  are  fufficiently  ftrong  for  that  purpofe,  and  at  their 
full  height  anfwer  excellently  as  places  to  look  out.  I  have 
been  with  four  men  on  the  top  of  one  of  thefe  hillocks- 
Whenever  word  was  brought  us  of  a  veflel  in  iight,-  we  imme- 
diately ran  to  fome  Bugga  Bug  hill^  as  they  are  called,  and 
clambered  up  tc^  get  a  good  view,  for  upon  the  common  furface 
it  wasfcldom  pofiible  to  fee  over,  the  grafe  or  plants,  which,  iii 
fpite  of  monthly  brufhings,  generally  prevented  all  horizontal 
views  at  any  diftance* 

The  outward  (hell  or  dome  is  not  only  of  ufe  toprotedl  and 
fijpport  the  interior  buildings  from  external  violence  and  the 
ieavy  rains;  but  to  colleft  and  preferve  a  regular  degree  of 
genial  warmth  and  moifture  which  feems  very  neceflary  for 
hatching  the  eggs  and  cheriihing  the  young  ones* 

The  royal  chamber^  which  I  call  fo  on  account  of  its  being 
adapted  for,  and  occupied  by,  the  king  and  queen ^  appears  to 
be  in  the  opinion  of  this  little  people  of  the  moft  confequence, 
being  always  fituated  as  near  the  center  of  the  interior  building 
as  poiHble,  and  generalfy  about  the  height  of  the^common  fur- 
fece  of  the  ground'^  at  a  pace  or  two  from  the  hillock.  It  is 
always  nearly  in  the  fliape  of  half  an  egg  or  an  obtufe  oval 
within,  and  may  be  fuppofed  to  reprefent  a  long  oven  (tab* 
VIII.  fig.  I.  and  2.):. 

In  the  infant  ftate  oF  the  coliMiy,  it  is  not  above  an  inch  or 
thereabout  iit  length ;  but  in  time  will  be  increafed  to  fix  or 
eight  inches*  op  more  iti  the  clear,  being  always  in  proportion  to 
the  fize  of  the  queefiy  who,  increafing  in  bulk  as  in  age,  at 
length  requires  a  chamber  of  fuch  dimenfions. 

This 
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This  fingular  part  would  bear  a  long  delcription,  whidi  I 
{hall  not  trouble  you  with  at  prefent,  and  only  obferve,  that 
its  floor  is  perfectly  horiasontal ;  and  in  large  hillocks,  fbme- 
tinfies  an  inch  thick  and  upward  of  folid  day.  The  roof  alfo, 
which  is. one  folid  and  well-turned  aval  arch,  is  generally  of 
about  the  iame  folidity,  but  in  fame  places  it  is  not  a  quarter 
of  an  inch  thick,  this  is  on  the  fides  where  it  joins  the  floor 
{tab.  VIII.  fig.  I.  a.  a.),  and  where  the  doors  or  entrances 
are  made  level  therewith  at  pretty  equal  diftances  from  each 
other  (tab.  VIIL  fig.  2.  and  4..b.  b.) 

Tjiefe  entrances  will  not  admit  any  animal  larger  than  the 
foldiers  or  labourers,  fo  that  the  hing^  ind  the  queen  (who  is,  at 
f\iiU  fize,  a  thoufand  timies  the  weight  of  a  king  J  can  never  pof- 
fibly  goouc 

The  royal  chamber,  if  in  a  large  hillock,  is  furrouuded  by 
an  innumerable  quantity  of  others  of  different  fizes,  fhapes, 
and  dimeniions  ;  but  all  of  them  arched  in  one  way  or  another, 
fometimes  circular,  and  fometimes  elliptical  or  oval. 

Thele  eifher  open  into  each  other  or  communicate  by  paf- 
fages  as  wide,  and  being  always  empty  are  evidently  made  for 
the  foldiers  and  attendants,  of  whom  it  will  foon  appear  great 
numbers  are  neceffary,  and  of  courfe  always  in  waiting* 

Thefe  apartments  are  Joined  by  the  magazines  and  nurferies. 
The  former  are  chambers  of  chy,  and  are  aiways  well  filled 
with  provifioijs,  which  to  the  naked  eye  feem  to  confift  of  the 
rafpings  of  wood  and  plants  which  the  Termites  deftroy,  but 
are  found  in  the  mierofcopp  to  be  principally  the  gums  or  in- 
fpiflated  juices  of  plants.  Thefe  are  thrown  together  in  little 
maflTes,  fome  of  which  are  finer  than  others,  and  refemble  the 
fugar  about  preferved  fruits,  others  are  like  tears  of  gum^  one 

quite 
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Kfxtic  tranfparent,  another  like  amber,  a  third  brown,  and  a 
fourth  quite  opaque,  as  we  fee  often-  in  parcels  of  ordinary 
gums. 

Thefe  magazines  are  intermixed '  with  the  nurfefles,  which 
are  buildings  totally  different  from  the  reft  of  the  apartments  : 
for  thefe  are  compofed  entirely  of '  wooden  materials,  feemlngly 
joined  together  with  gums.  I  call  them  the  niarferies  becaufe 
they  are  invariably  occupied  by  the  eggs,  and  young  ones,-  which 
appear  at  firflr  in  the  (hiape  of  labourers,  but  white  as  fnow. 
Thefe  buildings^  are  exceeding  compaft;  and 'divided  into  many 
very  fmall  irregular-fhaped  chambers,  not  one  of  which  is  to 
bcfound  of  half  an  inch  in  width  -  (tab.VIII.  fig.  5.).  They  ara 
placed  all  round  the  royal  apartments,  andas  near  as  poffible  to 
them. 

When  the  neft'  is  in  the  Infant  ilat6,  the  nurferles  are  clofS 
to  the  royal  chamber ;  but  as  in  procefs  of  time  the  queerr 
enlarges j  it  is  necefTary  to  enlarge  the  chamber  for  her  accom-» 
moiiation  ;  and  as  (he  then  lays  a  greater  number  of  eggs,  and 
requires  a  greater  number  of  attendants^  fo  it  is  neceflary  to 
enlarge  and  encreafe  the  number  of  the  adjacent  apartments  ; 
for  which  purpofe  the  fmall  nurferies  which  -are  firft  built  are 
taken  to  pieces,  rebuilt  a  little  farther  off  a  fize  bigger,  and 
the  number  af  tftem  ^ncrealed  at  the  fame  time. 

Thus  they  contiaually-enlarge  their  apartments,  pull  down, 
repair,  or  rebuild^  according  to  their  wants,  with  a  degree  of 
fagacity,  regularity,  and  forefight;  not  even  imitated  by  arty^ 
other  kind  of  animals  or  infefts  that  I  have  yet  heard  of. 

There  is  one  remarkable  circumftance  attending,  the  nur- 
feries, which  I  muft  not  at  this  time  omit^  They  are  always 
found  flightly  overgrown  with  wW// (tab/  VIH.  fig.  6),  and 
plentifully  fprinkled  with  fmall  white  globules  about  the  fize 
o£  a  fmall  oin's  head.     Thefe  at  firft  I  took  to  be  the  eggs  ;  but, 
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on  bringing  them  to  the  microfcope^  they  evidently  appeared  to 
be  a  fpecies  of  mulhroonit  in  ihape  like  our  eatable  mufh* 
room  in  the  young  ftate  in  which  it  is  pickled  (tab.  VHI.  fig.  7.). 
They  ^  appear,  when  whole,  white  like  fnow  a  little  thawed- 
and  then  frozen  again,  and  when  bruifed  feem  compoffed  of  an 
infinite  number  of  pellucid  particles,  approaching  to  oval  forms, 
and  difficult  to  feparate  ;  the  moulcUnefa  feems  likewife  to  be. 
the  fame  kind  of  fubftance^'^V 

The  nurferies  are  inclofed  in  chambers  of  clay,  like  thofe 
which  contain  the  provifions,  but  much  larger*  In  the  early 
ftate  of  the  neft  they  ase  not  bigger  than  .an  hazel-nut,-  but  in: 
great  hills  are  often  as  large  as  a  child's  head  of  a  year  old. 

The  difpofition  of  the  interior  parts  of  thefe  hills  is  pretty 
much  alike,  except  when  fome  infurmountable  obftacle  prevents; 
for  inftance,  when  the  king  and  queen  have  been  firft  lodged  near 
the  foot  of  a  rock  or  of  a  tree,  they  are  certainly  built  out  of  the 
ufual  form,  otherwife  pretty  nearly  according  to  the  following 
plan« 

The  royal  cliamber  is  fituated  at  about  a  level' with  thefur*- 
face  of  the  ground^  at  an  equal  diftande  from  all  the  fides  of 
the  building,  and  diredlly  under  the  apex.of  the  hill  (takVII.'- 
fig.  2.  A.  A  ). 

('-)  Mr  Ko:aG,  who  has  examined  thefc  kind'of  nefts  in  the  Eafl  Indies,  in  an* 
Kilay  upon  the  Termites,  read*  before  the  Society  of  Naturaiifts  of  Berhn,  con- 
jc(5t'jres,  that  thefc  muftirooms  ^re  the  food  of  the  young  infe^h.  Thisfuppofitioo 
implies-,  that  the  old  ones  have  a  method  of- providing  for  and  promoting' their 
growth  $  a  circumilanse  which,  however  flraage  to  thqfe- unacquainted  with  the 
fngacity  of  thcfe  Infedts,  I  will  venture  to  fay,,  fi^om  many  other  extraordinary  fads 
rhavc  feen  of  them,  is  not  very  improbaWfe. 

N.  B.  Mi.  ICONIC  has  not  difcovcred  the  magazines  of  provifiona  id  the  nefts 
which  he  opened,  as  far  as  I  am  informed ;  but  I  mail  obferve  here,  that  what  I 
have  learned  of  this  gentleman's  account  was  from  an  extempore- tr^nflation  of  the 
Itead^s  of  it, 
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It  is  oil  all  fides,  both  above  and  below,  furrounded  hy 
what  I  fhould  call  the  rcyal  apartments j  which  have  only  la- 
bourers and  foldiers  in  them,  and  can  be  intended  for  no  other 
purpofe  than  for  thefe  ta>wait  in,  either  to  guard  or  ferve  their 
common  father  and  mother,  on  whofe  fafety  depends  the 
happinefs,  and,  according  to  the  negroes,  even  the  exiftence 
of  the  whole  community, 

Xhefe  apartments  compofe  an  intricate  labyrinth,  which  ex-i 
tends  a  foot  or  more  in  diameter  from  the  rc^al  chamber .  on 
every  fide.  Here  the  nurferies  and  magazines  of  provifions  be- 
gin, and,  being  Separated  by  fmall  empty  chambers  and  galleries, 
which  go  round  them  or  communicate  from  one  to  the  other, 
are  continued  on  all  fides  to  the  outward  (hell,  and  reach  up 
within  it  two-thirds  or  three-fourths  of  its  height,  leaving  an 
open  area  in  the  middle  under  the  dome,  which  very  much 
refembles  the  nave  of  an  old  cathedral :  this  is  furrounded  by 
three  or  four  very  large  Gothic-ftiaped  arches,  which  are  fbme- 
times  two  or  three  feet  high  next  the  front  of  the  area,  but 
<Umini(h  very  rapidly  as  they  recede  from  thence  like  the  arches 
of  aifles  in  perfpeftives,  and  are  foon  loft  among  the  innume- 
rable chambers  and  nurferies  behind  them. 

All  thefe  chambers,  and  the  paflages  leading  to  and  from 
them,  being  arched,  they  help  to  fupport  ooe  another ;  and 
while  the  interior  large,  arches  prevent  them  falling  into  the 
center,  and  keep  the  area  open,  the  exterior  building  fupports 
them  on  the  outfide. 

There  are,  icomparatively  fpcaking,  few  openings  into  the 

great  area,  and  they  for  the  mpft  part  feem  intended  only  to 

admit  that  genial  warmth  into  the  nurferies  which  the  dome 

collects. 
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The  interior  building.or  aflerriblage  of  nurferies^  chambers^ 
tec.  has  a  flattilh  top  or  roof  without  any  perforation,  which 
wotild  keep  the  apartments  below  dry,  in  cafe  through  accident 
the  dome  fhould  receive  any  injury  and  let  \xx  water ;  and  it  is 
never  ekadtly  flat  and  uniform,  becaufe  they  are  always  adding 
to  it  by  building  more  chambers  and  nurferies :  fa  that  the 
divifions  or  columns  between  the  future  arched  apartments  re- 
femble  the  pinnacles  upon  the  fronts  of  fome  old  buildings,, 
and  demand  particular  notice  as  afibrding  one  proof  that  for  the 
moft  part  the  infefts  projeft  their  arches,  and  do  not  make  them,, 
as  I  imagined  for  a  long  time,  by  excavation  (tab.  VII.  fig.  2.  b  ). 

The  area  has  alfo  a  fiattifh  floor,  which  lays  over  the  royal 
chamber,  but  fometimes  a  good  he'^ht  above  it,  having  nurfe- 
ries and  magazines  between  (tab.  VII.  fig.  2.  c.)^  It  is  likewiic 
water-proof,  and  contrived,  as  far  as  1  could  guefs,  to  let  the 
water  off,  if  it  ihould  get  in,  and  run  over  by  fome  fliort  way 
into  the  fub terraneous  paffages  which  run  under  the  lowefl:  ap-^ 
artments  in  the  hill  in  various  directions,  and  are  of  aa  aftonifli- 
ing  fize,  being  wider  than  the  bore  of  a  great  c^mon.  I  have  a 
memorandum  of  one  I  meafured,  perfeftly  cylindrical,  and 
thirteen  inches  in  diameter  (tab.  VII.  fig.  2.  d^d.). 

Thefe  fubterraneous  paflages  or  galleries  are  lined  v^ry' thick 
with  .the  fame  kind  of  clay  of  which  the  hill  is  compofed^  and 
afcend  the  infide  of  the  outward  (hell  in  a  fpiral  manner,  and 
winding  round  the  whole  building  up  to  the  top  interfeft  each 
other  at  different  heights,  opening  either  immediately  into  the 
dome  in  various  places,  and  into  the  interior  building,  the  qcw 
turrets,  '&c.  or  communicating  thereto  by  other  galierits  of 
different  bores  or  diameters^  either  circular  or  oval. 

From  every  part  of  thefe  large  galleries  are  various  {boall 
]>ipes  or  galleries  leading  to  different   parts  of  the  building. 

Undet 
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Under  ground  there  are  a  great  marny  which  lead  downward  by 
floping  defcents  three  and  four  feet  perpendicular  among  the 
'gravel,  from  whence  the  labouring  Termites  cull  the  finer  parts, 
*vhich,  being  worked  up  in  their  mouths  to  the  confiftence  of 
mortar,  becomes  that  folid  clay  or  ftone  of  which  their  hills 
aiid  all  their  buildings,  except  their  nurferies,  are  corapofed. 

Other  galleries  again  afcend  and  lead  out  horizontally  on 
every  iide,  and  are  carried  under  ground  near  to  the  furface  a 
vafl:  diftance ;  for  if  you  deftroy  ajl  the  nefts- within  one  hun- 
dred yards  of  your  houfe,  the  inhabitants  of  thole  which  are 
left  unmolefted  farther  off  will  neverthelefs  carry  on  their  fub- 
terraneous  galleries,  and  invade  the.  goodSc  and  fherchandizes  • 
contained  in  it  by  fap  and.  mine,.,  and  do  great.mifchief,  if  you^ 
are  not  vtvy  circumfpe6fe. 

But  to  return  to  the  cities  from  whence  thefe  extraordinary 
expeditions  and  operations  originate,  it  feems  there  Is  a  degree 
©f  neceffity  for  the  galleries  under  the  hills  being  thus  large, 
being  the  great  thoroughfares  for  all  the  labourers  and  foldiers 
going  forth  or.  returning. uppn  any  bufinefs  whatever,,  whether 
fetching  clay,  wood,  water,.orprovifiGns  j  and  they  are  certainly 
well  calculated  for  thepurpofes  to  which  they  are  applied,  by 
the  fpiral  flope  which  is  given  them ;.  for  if  they  were  perpendi- 
cular the  labourers  would  not  be  able  to  carry  on  their  building 
with  fo  much  fiicllity,.as  they  afcend  a  perpendicular  with  great 
difficulty,  and  the  foldiers  can  fcarce  do  it  at  all^  It  is  on  this 
account  that  fome times  a  road  like  a  ledge  is  made  on  the  per- 
pendicular fide  of  any  part  of  the  building  within  their  hill, 
i^hich  is  flat  on  the  upper  iurface,  aad  half  an  inch  wide, 
and  afcends  gradually  like  a  {lair-cafe,  or  like  thofe  jroads  which 
ace  cut  on  the  fides  .of  hills  zvA  mountains^  that  would  other* 

wife 
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wife  he  inacceffible :  by  which,  and  fimilar  contrivances,  they 
travel  with  great  facility  to  every  interior  part. 

This  too  is  probably  the  caufe  of  their  building  a  kind  of 
bridge  of  one  vaft  arch,  which  anfwers  the  p-urpofc  of  a  flight 
of  flairs  from  the  floor  of  the  area  to  fome  opening  on  the  fide 
of  one  of  the  columns  which  fupport  the  great  arches,  which 
muft  (horten  the  diftance  exceedingly  to  thofe  labourers  who 
have  the  eggs  to  carry  from  the  royal  chamber  to  fome  of 
the  upper  uurfei-ies,  which  in  fome  hills  would  be  four  or  five 
feet  in  the  ftraighteft  line,  and  much  more  if  carried  through 
all  the  windifig  paflages  which  lead  through  the  innef  cham* 
hers  and  apartments. 

I  have  a  memorandum  of  one  of  thele  bridges,  half  an  Inch 
broadj  a  <juarter  of  an  inch  thick,  and  ten  inches  long,  mak- 
ing the  fide  of  an  elliptic  arch  of  proportionable  fize ;  fo  that 
It  is  wonderful  it  did  not  fall  over  or  break  by  its  own  weight 
before  they  got  it  joined  to  the  fide  of  the  column  above.  It 
was  fl:rcngthened  by  a  fmall  arch  at  the  bottom,  and  had  a 
hollow  or  groove  all  the  length  of  the  upper  furface,  either 
made  purpofely  for  the  inhabitants  to  travel  over  with  more, 
fafety,  or  elfe,  which  is  not  improbable,  worn  fo  by  frequent 
treading  (tab.  VII.  fig.  2.  e.  e.). 

Thus  I  have  defcribed,  as  briefly  as  the  fubjeft  would  admit, 
and  I  trufl  without  exaggeration,  thofe  wonderful  buildings 
whofe  fize  and  external  form  have  often  been  mentioned  by 
travellers,  hut  whofe  ulterior  and  more  curious  parts  are  fo 
littje  known,  that  I  may  venture  to  confider  my  account  of 
them  as  new,  which  is  the  only  merit  it  has :  for  they  are 
conftrufted  upon  fo  different  a  plan  from  any  thing  elfe  upon  the 
iiajrth,  and  fo  complicated,  that  I  cannot  find  words  equal  to 
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die  talk,   and  muft  therefore  refer  to  the  different   figures,, 
which,  however  extraordinary,  fcarce  do  juftice  to  the  fubjefts. 

The  nefts  before  defcribeS  are  fb  remarkable  .on  account  of 
their  fize,^  that  travellers  have  fclcjom,.  where  they  were  to  be 
feen,.  taken   notice  of  any  other ;  and  Have  generally,  when 
fpeafcing^  of  white  Ants,,  defcribed  them  as  inhabitants  of  thofe 
hUls.     Thole,  however,  which  are  built  by  the  fmaller  Ipecies- 
of  thofe  infefts,  are  very  numerous,  and  Ibme  of  them  exceed- 
ingly worth  our  attention ;  one  Ibrt  in  particular,  which  from 
their  form  I  have  named  turret  nefts.     Thefe  are  a  great  deaf 
lefs  than  the  foregoing,  and  indeed  much  Icfs  in  proportion  to^ 
the  lize  of.  the  builders  j.   but  their  external  form  is  more 
curious,    and   tlieir    folidity    confidered    they   are   prodigious 
buildings  for  fo  fmall  an  animal  ('37. 

Thele  buildings  are  upright  cylinders  compoled  of  a  welP 
tempered  black  earth  or  clay,  about  threa  quarters  of  a  yard' 
high,  and  covered  with  a  roof  of  the  fame  material  *  in  the 
fliape  of  a  cone,  whofe  bafe  extends  oyer  and  hangs  down 
three  or  four  inches  wider  than  the  perpendicular  fides  of  th® 
cylinder,  fo  that  moft  of  them  refemble  in  fliape  the  body 
of  a  round  wind-mill ;.  but  fome  of  the  roofs  have  fo  little  ele-- 
vation  in  the  middle,  that  they  are  pretty  much  in  the  Ihape 
of  the  top  of  a  full-grown  mulhroom  (tab.  IX.  fig.  i.) 

After  one  of  theljb  turrets  is  finilhed,  it  is  not  altered  or  en-- 
larged  ;  but  v/hen  no  longer  capable  of  containing  the  commu-- 
nity,.  the  foundation. of  another  is  laid*  within  a  few  inches  of 
it.    Sometimes,  though  but  rarely,  the  fecond  is  begun  before 
thefirft  is  finilhed,  and,  a  third  before  they  have  completed  the 

(13)  If  their  height  is  eiVimated  and  computed  by  the  fize*  of  tiie  builders,  and.1 
compared  with  ours  upon  the  like  fcale ;  each  of  tliem  is  four  or  five  times  the. 
^ght  of  the  monument,  and  a  great  many  times  its  folid  contents. 
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fecond :  thus  they  will  run  up  five  or  fix  of  thefe  turrets  at  the 
foot  of  a  tree  in  the  thick  wodds,  and  make  a  moft  fingular 
group  of  buildings  (tab!  IX!.). 

The  turrets  arc  fo  ftronfgly  buHt,  that  In  cafe  of  violence  they 
will  much  fopner  overfet  from  the  foundation,  and  tear  up  the 
gravel  and  folid  earth,  than  break  in  the  middle ;  and  in  that 
cafe  the  infeds  will  frequently  begin  another  turret  and  build 
it,  as  It  were,  through  that  which  is  fallen ;  for  they  will  con- 
neft  the  cylinder  below  with  the  ground,  and  run  up  a  new 
turret  from  its  upper  fide,  fo  that  it  will  feem  to  reft  upon  the 
horizontal  cylinder  only  (tab.  IX.  fig.  5.), 

I  have  not  obferved  any  thing  elfe  about  thefe  nefts  that  is 
remarkable,  except  the  quality  of  the  black  brown  clay,  which 
is  as  dark  coloured  as  rich  vegetable  mould,  but  burns  to  an 
exceeding  fine  and  clear  red  brick*  Within,  the  whole  building 
is  pretty  equally  divided  into  innumerable  cells  of  irregular 
Ihapes ;  fometlmes  they  are  quadrangular  or  cubic,  and  fome- 
times  pentagonal ;  but  often  the  angles  are  fo  ill  defined,  that 
each  half  of  a  cell  will  be  fhaped  like  the  infide  of  that  (hell 
which  is  called  the  Sea-ear* 

Each  cell  has  two  or  more  entrances,  and  as  there  are  no 
pipes  or  galleries,  no  variety  of  apartments,  no  well-turned 
arches,  wooden  nurferies,  &c.  &c.  they  do  not  .by  any  means 
excite  our  admiration  fo  much  as  the  hill  nefts,  which  arc 
indeed  coIle£Uons  of , wonders. 

There  are  two  fizes  of  thefe  turret  nefts,  built  by  two  dif- 
ferent fpecies  of  Termites.  The  larger  fpecies,  the  Termes  air  ox  ^ 
in  its  perfeft  ftate  meafyres  one  inch  and  three-tenths  from  the 
extremities  of  the  wings  on  the  one  fide  to  the  extremities  on 
the  other  (tab,  X.  fig.  14).    The  lefl'er fpecies,  Termes  mordax^ 

meafures 


the  Termites  of  kinc^and  0tber  bet  Climates,         t6r 
meafures  only  eight-tenths  of  an  Inch  from  tip  to  tip  (tah.  X. 

fig.  lO. 

The  next  kind  of  nefts,  built  by  another  fpecies  of  this 
genus,  the  Tertnes  ariorum,  have  very  little  refemblance  to  the 
former  in  (hape  or  fubftance.  Thefe  are  generally  fpherical  or 
oval,  and  built  in  trees  Ch).  Sometimes  they  are  feated  between 
the  arriis  and  the  ftems  of  trees,  and  very  frequently  may  be 
feen  furrounding  the  branch  of  a  tree  at  the  height  of  fcventy 
or  eighty  feet ;  and  (though  but  rarely,  of  fo  large  a  fize)  as 
big  as  a  very  great  fugar  calk  C's)  (^6). 

They  are  compofed  of  fmall  particles  of  wood  and  the  various 
gums  and  juices  of  trees,  combined  with,  perhaps,  thofe  of  the 
animals,  and  worked  by  thofe  little  induflrious  creatures  into  a 
pafte,  and  fo  moulded  into  innumerable  little  cells  of  very  dif- 
ferent and  irregular  forms,  which  afford  no  amufing  variety  and 
nothing  curious,  but  the  immenfe  quantity  of  inhabitants,  young 
and  old,  with  which  they  are  at  all  times  crouded ;  on  which  ac- 
count they  are  fought  for  in  order  to  feed  young  fowls,  and  efpo- 
cially  for  the  rearing  of  Turkies.  Thefe  nefts  are  very  com- 
paft,  and  fo  ftrongly  attached  to  the  boughs  on  which  they  are 
fixed,  that  there  is  no  detaching  them  but  by  cutting  them  in 
pieces,  or  fawing  off  the  branch ;  and  they  will  fuftain  the 
force  of  a  tornado  as  long  as  the  tree  on  which  they  are  fixed. 

64)  The  colour  of  thefe  nefts,  like  that  of  the  roofed  turrets,  is  black,  frocn 
vhich,  and  their  irregular  furface  and  orbicular  Ihape,  they  have  been  called 
Negro  Heads  by  our  firft  writers  on  the  Carribbce  Iflands,  and  by  the  French, 
Tetes  des  Negres»  'See  hunter's  evelyn*s  silva,  p.  17. 

I  have  never  been  able  to  difcovcr  what  author  Mr.  eveltk  alludes  to  in  this 
mention  of  the  Negro  Heads. 

(>5)  lokg's  Jamaica,  vol.  ni.  p.  887. 

(i^)  sLOANE*s  Jamaica,  vol.  II.  p.  ijx*  and  fequeU 

Vol.  LXXI.  Y  This 


Tliw  fpecies  ha&  the  extewial  habb,  fiiie^  and  almoft  the  cdbutv. 
of  the  Termes  atrox  (tab.  X.  fig.  21.). 

There  are  fome  nefts  bulk  in'  thofe  fovdy  plains  which  we 
call,  after  the  Spaniards,  Savamas^  that  refemble.  the  hill 
nefts  firft  defcribed.  They  are  compofed  of  a  black  mud,  which 
is  brought  from  a  few  inches  below  the  white  fand,,  and  are 
built  in  the  form  of  an  iinperfeft  cone,  or  belHhap|ed,  having^ 
their  tops  rounded*  Thcfe  nefts/aise  generally  about  four  or 
five  feet  high^'^).  As  I  faw  thefe  6iJy  in  paffing  through 
various  Savannahs  upon,  other  purfuits^  lean  fay  veiy  little  of* 
their  interior  parts*.  They  feemed  to  be  inhabited  by  nearly  as- 
large  infe£ts,  differing  very  little  except  in  colour,  which  is- 
lighter  than  that  of  the  Termites  belticojii 

Having  given  feme  idea  of  the  nefts,  I  fliall  beg  your  patiear 
reading  of  a  more  particular  account  of  the  infefts  themfelves^, 
which  will  be  exceeding  neceflary  to  a  tolerable  aGquaintance 
with  their  oeconomy  and  management, .  their  manner  of  build- 
ing^  fighting,  and  marching,  and  to  a  more  particular  accouiife 
of  their  ufes  in  the  creation,.,  and  of  the  vaft  mifchief  thejt 
caufe  to  mankind.. 


(17)  "  Tlie  nefts  of  Ants  are  about  four  feet  wide  at  the  bafc,  ,attd  twro  highi 
of  an  hemifpherical  form.    Though  made  in  loofe  fa&d,.tb&y.sre  fo  haod  as 
not  toi  be  b^oken^^vithout:  great  efforts,  and  a  laden  cart  could  not   break 
*^  through. — In  Oftobcr.and  November  they  ^ddianew'  i[lorjr.« — ThcCocbons^ 
*'  dc  Tcrre  (the  Left  Ant-eater  of  Mr.  penkant)   miake.hoies  in  thfcfe  nefts  eight 
**  inches  in  diameter  and' fx^t  d^ep;  and haVfng  iifitoyedthk  inhahUants^  .the  nejl 
"•  is  ahandoneJ^  ^bnt  fometimes  the  Ants  repair-  it 4*     This  lafb pdtagraph  -iceiaa^ 
rather  founded  on  conjeiSure..  Voyage  au  Cap^  par  M*  L*Abbe  DE  la  4:aii.le,  , 
P;  305— 3  $6.. 
oAUEDo  aifo  fays  Ants  make. hillocks  as  high  as  a.man*.. 

Atoang 


the  Termites  ^Africa  and  other  hot  Climates.  x  ^  i 

Among  thefe  you  will  find,  I  muft  confefs,  feme  ver^ 
extraordinary  relations,  and  many  that  do,  not  admit  a  pofli- 
bility  of  demonftration  ;  fuch  is  the  defcription  of  the  form  of 
an  army  of  the  Termites  viarum  marching,  and  the  account 
of  the  regularity  ufed  by  the  Termites  bellicojim  repairing  a 
breach  in  their  hills.  But  the  very  fingular  fafts,  of  which 
you  have  the  proofs  before  you,  are  fufficient  I  fhould  conceive 
to  procure  me  belief  for  the  others.  Should  any  perfon  doubt, 
I  would  wifh  them  to  coniider,  that  a  ftudent  of  nature 
and  nature's  laws,  in  any  matter  relating  thereto,  has  no  temp- 
tation  to  tran(grefs  the  bounds  of  truth.  I  am  very  fenfible, 
that  the  works  of  the  creation,  and  the  order  thereof,  are 
eftablifhed  in  the  higheft  wifdom ;  that  it  is  as  abfurd  to  attempt 
lo  ex^gerate  as  to  detraft  from  them  ;  and  can  only  ferve  to 
expofc  the  ignorance  of  him  who  attempts  it.  Befides,  what 
I  have  here  advanced  muil  be  confirmed  or  contradtded  in  two 
or  three  years,  finoe  it  will  doubtlefs  be  examined  into  by  all 
iSttt  curious  who  vifit  tropical  regions. 

I  have  obfervcd  before,  that  there  are  of  every  fpecies  of 
Termites  three  orders ;  of  thefe  orders  the  working  infeds  or 
labourers  are  always  the  moft  numerous ;  in  the  Termes  bellicofus 
there  feems  to  be  at  the  leaft  one  hundred  labourers  toone  of  the 
fighting  infers  oribldiers.  They  are  in  this  ftate  about  one- 
fowlfc  of  an  inch  long,  and  twenty-five  of  them  weigh  about  a 
grain ;  Ibthat  they  are  not  fo  large  as  (bme  of  our  ants  (tab.  X. 
fig.  6.).  From  thdr  external  habit  and  fbndnels  for  wood,  they 
have^ecn  veryexpreflivdy  called  Wood  Lice  by  fbme  people,  and' 
the  wbple  genus  has  hcen  known  by  that  name,  particu-' 
larly  aoaoog  the  French.  They  rdeiable  them,  it  is  true, 
"verjr  much  at  a  diftanco,  but  they  nm  as  ftSt  er  fafterthan  airjr 

Y  z  other 


7^^  Mr  8MfiATHMAN*s  account  of 

other  infeAs  of  their  fize,  and  are  mceflantly  bufUing  about 
tl^ir  afiairs  (i^). 

The  fecond  order,  or  foldiers,  have  a  very  different  form  from 
the  labourers,  and  have  been  by  fome  authors  fuppofed  to  be 
the  males,  and  the  former  neuters  ;  but  they  are,  in  fad,  the 
fame  infefts  as  the  foregoing,  only  they  have  undergone  a; 
change  of  form,  and  approached  one  degree  nearer  to  the  per- 
fect ftate.  They  are  now  much  larger,  being  half  an  inch 
long,  and   equal  in   bulk  to  fifteen  of  the  labourers  (tab.  X^. 

There  is  now  like  wife  a  mofl  remarkable  circumftance  in  th& 
form  of  the  head  and  mouth ;  for  in  the  former  ftate  the  mouth  is 
evidently  calculated  for  gnawing  and  holding  bodies ;  but  in  this 
flate,  the  jaws  being  Ihaped  jufl  like  two  very  (harp  awls  a 
little  jagged  (tab.  X.  fig  9,),  they  are  incapable  of  any  thbg. 
but  piercing  or  wounding,  for  which  purpofes  they,  are  veiy^ 
efie€hial,  being  as  hard  as  a  crab*s  claw,,  and. placed  in  a. 
ilrong  horny  head,  which  is  of  a  nut-bmwn  colour^  and. 
larger  than  all  the  reft  of  the  body  together,  which  ieems  to 
labour  under  great  difficulty  in  carry mg  it .:  oa  which  account 
perhaps  the  animal,  is  incapable  of  climbing  up  -perpendicular 
furies. 

The  third  order,  or  the  infedl  in  its  perfect  ftate,  varies  its^ 
form  ftill  more  than  ever.  The  head,  thorax,  and  abdomen^ 
differ  almoft  entirely  from  the  fame  parts  in  the  labourers  and 
fbldiers  ;  and,  befidesthis,  the  animal  is  now  fiimiihed  with  fouc 
fine  large  brownifh,  tranfparent,  wings,  with  which. it  is  at  the 
time  of  emigration  to  wing  its  way  in  fearch  of  a  new  fettle- 

(>S)  &ecHf  ORT,  in  the  Hifiory  of  the  Carribee  Iflaodsi  calls  them  Wood  Lice,, 
and  meotions  the  defini£tioa  they  make,  &c..p.  14,9.. 

ment  ('•>• 
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ment  C^^)..    In  fhort,  it  difiers  fo  much  from  its  form  and  appear- 
ance in  the  other  two  ftate^,  that  it  has  never  been  fuppofed  to'> 
Be  the  fame  animali  but   by   thofe  who  have  feen  it  in  the 
feme  neft;-  and  fome  of  thefe  have  diftrufted  the  evidence  of 
their  fenfes.     It  was  fo  long  before  I  met  with  them  in  the  nefts^ 
myfelf,  that  I  doubted  the  information  which  was  given  me  by* 
the  natives,  that  they  belonged  to  the  fame  family  (tab.  X.  fig.. 
I'.)-    Indeed  we  may  open^  twenty  nefts  without  finding  one* 
winged  one,  forthofe  areto  be  found  only  juft  before  the  com- 
mencement of  the  rainy  ieafonj  when-  they  undergo  the  laftt 
change,  which  is  preparative  to  their  colonization ».   Add  to^ 
this,    they   fometimes    abandon   an    outward  part   of  their 
building,    the   community  being  diminiihed   by  fome   acci- 
dent  to  me  unknown;^    Sometimes  too   difi^rent  fpecies  oB 
the    rear  Ant*  (Formica]P   poflefs   themfelves  by  force  of  a- 
lodgement^    and  fo  are  frequently  diilodged   from  the  fame^ 
neft,  and  taken  for  the  fame  kind  of  infedts..    This  I  know- 
is    often    the    cafe  with    the  nefts  of  the  fmaller  fpecies^ 
which    are  frequently    totally  abandoned  ^  by   the  Terroites,^ 
and  completely  inhabited  by  different  fpecies  ©f  Ants,  Cock- 
roaches,.  Scolopendrse,  Scorpions,  and  other  vermin,   fond  of ' 
obfcure  retreats^  that  occupy  different  parts   of  their,  rootoy^ 
buildings;*  which -clearly  accounts- for  your  having  xnet^withi 
the  real  Ants  in:thofe.nefts  in  .New  Holland.. 


('9)  •^  There  is  a  fort  th^t  frequently,  fltcs/  having  red  'wirigs^*—  Thiy  Bfmg' 
**  fort  flings  up  the  largeft  hilh,  and  is  wonderfully  nimble  and  induftrioof/*^' 
kolbein's  Cape  of  Good  Hope,  8vo,  vol.  11.  p.  lyi* 

DAPPER  calls- the  Wood  Ants  Acolalan^  and  fays  it  becomes  as  big:as  one'iu 
thua)b|  and  then  takes  wing.    Peibription  dc  PAfriquei  folio,  p.  459*^ 


tl6^  ^^*  SMEATHMAN*S  Accotmt  of 

III  the  ^vinged  ftate  thcjr  have  alfo  much  akered  their  fize  as 
well  as  form.  Their  bodies  now  meafure  between  fix  and  fevea 
tenths  of  an  inch  in  lengthy  and  their  wings  above  two  inches 
ai>d  a  half  from  tip  to  tip,  and  they  are  equal  in  bulk  to  about 
tliiity  labourers,  ox  two  foldiers.  They  are  now  aUb  fur- 
nifhed  with  two  large  tyo^  placed  on  each  fide  of  the  head, 
and  very  coufpicuous ;  if  they  have  any  before,  they  are  not 
eafily  to  be  diftinguifbed.  Probably  in  the  two  firft  ftates, 
their 'eyes,  if  they  have  any,  may  be  fmall  like  thofe  of 
mole9;  for  as  they  live  like  thefe  animals  always  under* 
ground,  they  have  as  little  occafion  for  thefe  organs,  and  it 
is  not  to  be  wondered  at  that  we  do  not  difcover  them ;  but 
the  cafe  is  much  akered  when  they  arrive  at  the  winged 
0:ate  in  which  they  are  to  roam,  though  but  for  a  few 
hours,  through  the  wide  air,  ^d  explore  new  and  diftant 
regions.  In  this  form  the  animal  comes  abroad  during  or  foon 
after  th^  firft  tornado,  which  at  the  latter  end  of  the  dry  jfeafoa 
proclaims  the  approach  of  the  enfuing  r^s,  and  feldom 
waits  for  a  fecond  or  third  (hower,  if  the  firft,  as  is  generally 
the  cafe,  happens  in  the  night,  and  brings  much  wet  after  it  ^^^\ 

The  quantities  that  are  to  be  found  the  next  morning  all  over 
the  furface  of  the  earth,  but  particularly  on  the  waters^  is 
aftonifhing ;  for  their  wings  are  only  calculated  to  carry  them 

(20)  *«  At  night  I  vifitcd  Mr.  Harrison  on  board  the  floop ;  during  the  time 
*'  we  had  a  dreadful  tomadoi  in  which  a  fort  of  large  flies  with  long  wings  came 
«  on  board  m  fuch  prodigious  numbers,  that  flying  into  the  flames  of  the 
^^  candles^  the  table  was  fooo  covered  with  thofe  that  burnt  their  wings  1  and 
'*  others,  which  were  not  burnt,  as  they  walked  along  the  table  flied  their  wings, 
^  and  then  were  nothing  but  fo  manyperfe^^  lar^e  rndggota.^'  Juae  xO|  x73<« 
moor's  Travels,  p«  iiB* 

2  a  few 
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a  few  hours,  and  after  the  riiing  of  the  fun  not  one  in  a  thou- 
£ind  is  to  be  found  with  four  wings,  unlefs  the  morning  con* 
tinues  rainy,,  when  here  and  there  a  folitary  being  is  feen  wing- 
ing its  waj  from  one  place  to  another,  as  if  folicitous  only  to 
avoid  its  numerous  enemies,  particularly  various  fpecies  of 
Ants  which  are  liunting  on  cv^ry  fpray,  on  every  leaf,  and  in 
every  poffible  place,  for  tliis  unhappy  race,  of  which  probably 
not  a  pair  in  many  millions  get  into  a  place  of  fafety,  fulfil' 
the  firft  law  of  nature,,  and  lay  the  foundation  of  a  new  con>^ 
munity. 

Not  (Xily  all  kinds  of  ants,  birds,^  and  carnivorous  reptiles, 
as  well  as  infefts,  are  upon  the  hunt  for  them,  but  the  inha- 
bitants of  many  countries,  and  particularly  of  that  part  of 
Africa  where,!  was,  eat  them  (")  (")  <*3)  (m)  (*5)- 

On 


(si)  Mr.  K0NtGy  in  an   Eilay  upon  thtfc  Infers,  Kad  before  the  Society  of 

Natnralifts  of  Berlin,  &7$,  That,  in  feme  parts  of  the  Eaft  Indies,  the  queens 

are  given  alive  to  old  men  for  ftrengtheniagthe  back,,  and  that  the  natives  hav^a 

method  of  catching  the  winged  infe£U,  which  he  calls  females,  before  the  time- 

of  emigration.     They  make  two  holes  in  the  neft ;  the  one  to  windward,  and  ■ 

the  other  to  leeward.     At  the  leeward  opening  they  place  the  month  of  a. 

pot,  previonfly  rubbed  within  with  an  aromatic  herb  called  Bergera^    which  is 

Hjorc  valued  there  than   the  laurel  in   Europe..   Oh  the  windward*  fide   they 

make  a  'fire  of  (linking  materials,  which  not  only  drives  thefe  inie^ls  into  the  pots, 

but  frequently  the  hooded  fnakes  alfo,  on  which  account  they  are  obliged  to  be 

eautious  hi  removing  them.    By  this  method   they  catch  great  quantities,  of- 

which  they  make-with-flour  a  variety  of  paftry,  which  they  can  aflford  to  fell  vtiy 

cheap  to  the  poorer  ranks  of  people.     Mr.  konio  adds^  that  in  feafons  whan 

this  kind  of  fo»d  is  very  plentiful,  the  too  great  ufc  of  it  br'mgs  onan  epiiemio 

colic  and  dyfentcry,  which  kills  in  two  of  three  hours. 

Uhave^ 
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On  the  following  morning,  however,  as  I  have  obfervetf, 
they  are  to  be  feen  runnmg  upon  the  ground  in  chace  of  each 

x)ther; 

1  have  not  found  the  A&icaas  fo  ingenious  in  procuring  or  drcffing  them.   They 
jire  content  with  a  very  fmall  part  of  thofe  which,  at  the  time  of  fwarming,  or 
•rather  of  emigration,  fall  into  the  neighbouring  waters,  which  they  ikim  off  with 
calabalhes,  bring  large  kettles  full  of  them  to  their  habitations,  and  parch  them 
iin  iron  pots  over  a  gentle  fire,  ftirring  them  about  as.  is  mfually  done  in  roafling 
•coffee.    In  that  ftatq,  Without  fauce  or  any  other  addition,  they  ferve  them  as 
delicious  food ;  and  they  put  them  by  hands -full  into  their  mouths,  as  we  do  com- 
fits.   I  have  eat  thejn  dreffed  this  way  feyeral  times^  and  think  them  both  delicate, 
nourifhing,  and  wbolefome  ;  they  are  fomething  fweeter,  but  not  fo  fat  and  cloy- 
ing as  the  caterpillar  or  maggot  of  the  Palm-tree  Snout-heethf  CurcuHo  Pal$narum^ 
TwhichJe  ferved  up  at  all  the  luxurious  tables  of  Weft  Indian  epicures,  particularly 
<of  the  French,  as  the.^eateft  dainty  of  the  Weftern  world. 

According  to  the  Baron  de  geer,  Mr.  sparrman  fays,  that  the  Hottentots 

^at  thefe  infects,  and  even  grow  fat  upon  them ;  but  does  not  fay  what  methods 

;they  take  to  procure  or  drefs  them,  de  geer,  A/(pmtf/V«  des  Infeiiesy  tom.  VII.  p.  49. 

(zi)  Fiso,  de  laet,  marcgrate,  and  other  writers,   mention  their  being  an 

•article  of  diet  in  different  parts  0/  South  America. 

'^  Alia  praeterea  datur  grandis  ipecies  Tama-ioura  di6ta  digiti  articulum  adre- 
'*  quans.    Quarum  etiam  clunes  deffecantur  ct  friguntur  pro  bono   altmento*" 
Fiso,  Hift.  Natural,  lib.  I.  p,  9.  lib.  V.  291. 
(»3)  MARCGR.  Hift.  Nat.  56.  ' 

(24)  («  Denique  formicae  hie  vifuntur  grandiiCmx,  quas  indigenae  vnlgo  come- 
-"  dunt;  et  in  foris  vcnales  habent.**    be  xaet.  Americse  Utriufque  Defcriptio, 

JP*  333* 

<*  Formicis  vefcebantur,  eaTque  ftudiofe  ad  vidum  educabant.    Ibid.  p.  579." 

(*5)  Sir  HANS  SLOANE  fays,  the  filk-cotton-tree  worm  is  efteemedby  the  Indians 

^nd  negroes  beyond  marrow^    This  worm  ds  no  more  than  a  large  maggot,  being 

the  Caterpillar  of  a  large  Capricorn  Beetle,  or  Goat  Chafer :  the  Larva  of  a 

-  pret^iarge  Cerambix  (the  Lamia  Triiulus  of  fabricius)  which  is  alfo  brought 

^rom  Africa,  -where  I  have  eaten  thofe  worms  roaficd.    This  in{e€t  is  moft  pro* 

bably  to  be  found  in  all  countries  where  the  filk-cotton*tre^  f^Bemhax)  is  indit 

;geneus«    sx.oane*s  Jamaica,  vol.  II,  p.  19}. 
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other ;  fometimes  with  one  or  two  wings  ftill  hanging  to  their 
bodies,  which  are  not  only  ufelefs,  but  feem  rather  cumber- 
(bme  (*^). 

The  greater  part  have  no  wings,  but  they  run  exceeding 
faft,  the  males  after  the  females ;  J  have  fometimes  remarked  two 
males  after  one  female,  contending  with  great  eagernefs  who 
fliould  win  the  prize,  regardlefs  of  the  innumerable  dangers 
that  furrounded  them. 

They  are  now  become  from  one  of  the  moft  a6Hve,  induf- 
trious,  and  rapacious,  from  one  of  the  moft  fierce  and  impla- 
cable little  animals  in  the  world,  the  moft  innocent,  helplefs, 
and  cowardly ;  never  making  the  leaft  refiftance  to  the  fmalleft 
Ant.  The  Ants  are  to  be  feen  on  every  fide  in  infinite  numbers, 
of  various  Ifpecies  and  (izes,  dragging  thefe  annual  vi£lims  of 
the. laws  of  nature  to  their  different  nefts.  It  Is  wonderful 
that  a  pair  fhould  ever  efcape  fo  many  dangers,  and  get 
into  a  place  of  fecurity.  Some,  however,  are  fo  fortunate ; 
and  being  found  by  fome  of  the  labouring  infers  that  are 
continually  running  about  tlie  furface  of  the  ground  under 
their  covered  galleries,  which  I  fliall  fhortly  dcfcribe^  are 
ik^ed  KINGS  and  qjteens  of  new  ftates;  all  thofe  who 
are  not  fo  elefted  and  preferved  certainly  perifli,  and  moft 
probably  in  the  courfe  of  the  following  day.  The  man- 
ner in  which  thefe  labourers  proteft  the  happy  pair  from 
thdr   uinumerable  enemies,    not   only  on  the  day  of  the 

I  have  difcourfed  with  feveral  gentlemen  upon  the  tafte  of  the  white  Ants ;  and 
on  comparing  notes  we  have  always  agreed,  that  they  are  moft  delicious  «nd  deli« 
cate  eating.  One  gentleman  compared  them  to  (iigared  marrow,  another  to 
fngared  cream  and  a  ptile  of  fiveet  almonds* 

(^0  LiGON  obferved  them,  but  does  not  know  what  they  are*  ligon'j  Barba« 
does,  p.  63. 
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maffacre  of  almoft  all  their  race,  but  for  a  long  time  after^ 
will  I  hope  juftify  me  in  the  ufe  of  the  term  election. 
The  little  induftrious  creatures  immediately,  enclofc  them  in 
a  fraall  chamber  of  clay  fuitable  to  their  fize,  into  which  at 
firft  they  leave  but  one  fmall  entrance,  large  enough  far  them- 
felves  and  the  foldiei s  to  go  in  and  out,  but  miich  too  little 
for  either  of  the  royal  pair  to  make  ufe  of;  and  when  ne- 
cefEty  obliges  them  to  make  more  entrances,  they  are  never 
larger ;  fo  that,  of  courfe,  the  voluntary  fubjeSis  charge  them- 
felves  with  the  talk .  of  providing  for  the  oiFspring  of  their 
fovereigns  as  well  as  to  work  and  to  fight  for  them  until  they 
fhall  have  raifed  a  progeny  capable  at  leaft  of  dividing*  the  tafk 
with  them* 

It  is  not  until  this  time,  probably,  that  they  confummate 
their  marriage,,  as  I  nevef  law  a  pair  of  them  joined.  The 
bulinefs  of  propagation,,  however,  foon  commences,,  and  the* 
labourers  having  conftru^led  a  £rnall  wooden  nurfcFy,  as  before 
defcribed,  carry  the  eggs  and  lodge  them  there  as  fefl:  as  they 
can  obtain  them  from  the  quttn^ 

About  this  time  a  moft  extraordinary  change  begins  X^  take 
place  in.  the  y«^^«,  to  which  I  know  nothing  limilar,  except  iiv 

the  PULEX  PEKETRANS  of  EINNJEV*,    the  JIGGER  of  the  Wtji 

Indiesy.  znd  111  the  different  Ipecies^  of  coccus,  cochineal.. 
The  abdomen  of  this  female  be^ns  gradually  to  extend  and 
enlarge  to  fuch.an  enormous  lize,.  that  an.  oU  queen  will  have 
it  increafed  {q  as  tohejjficen  hundred  or  two  tboujand  times  the 
bulk  of  the  reft  of  her  body,  and  twenty  or  thirty  thoufand 
times  the  bulk  of  a  labourer,  as^  I  bav^  found  by^  carefully 
weighing  and  computing  the  different  ftates  (tab*.X  fig.  3.)^ 
*Ehfi  Ikin  between  the  fegments  of  the  abdomen  extends  in 
0Wxy.  diredion ;;,  and  at  laft  the- fegments  are.renx>ved  to  half  aa 

iuch. 
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inch  dlftance  from  each  other,  though  at  firft  the  length  of  the 
whole  abdoQieii  is  not  half  an  inch.  They  preferve  tlieir  dark 
brown  colour,  and  the  upper  part  of  the  abdomen  is  marked 
with  a  regular '  feries  of  brown  bars  from  the  thorax  to  the 
pofterior  part  of  the  abdomen,  while  the  intervals  between 
them  are  cpvcred  with  a  thin,  delicate,  tranfparent  fkin,  and 
appear  of  a  fine  cream  colour,  a  little  Ihaded  by  the  dark 
colour  of  the  inteftines  and  watery  fluid  (tti\  here  and  there 
beneath*  I  conjeihire  the  animal  is  upward  of  two  years 
old  when  the  abdomen  is  increafed  to  three  inches  in  length : 
I  have  ibmetimes  found  them  of  near  twice  that  fize.  The 
abdomen  is  now  of  an  irregular  oblong  fhape,  being  con* 
trailed  by  the  mufcles  of  tw^y.  fegment,  and  is  become  one 
vaft  matrix  full  of  eggs,  which  make  long  circumvolutions 
through  an  innumerable  quantity  of  very  minute  veffels  that 
circulate  round  the  infide  in  a  Terpentine  manner,  which  would 
exercife  the  ingenuity  of  a  fkilful  anatomift  to  difledl  and  develope* 
This  iingular  matrix  is  not  more  remarkable  for  its  amazing 
extenfion  and  fize  than  for  its  periftaltic  motion,  which  refem- 
bles  the  undulating  of  vrave$,  and  continues  inceflantly  without 
^y  apparent  effort  of  the  animal ;  fo  that  one  part  or  other 
alternately  is  rifing  and  finking  in  perpetual  fucceffion,*  and  the 
matrix  feems  never  at  reft  C*^)^  but  is  always  protruding  eggs  to 
the  amount  (as  I  have  frequently  counted  in  old  queens)  of 
fixty  in  a  minute  (**\  or  eighty  thoufand  and  tSpward  in  ope 
day  of  twenty-four  hours  ^'•^\  Thefe 

(^7)  *^  We  may  obfenre  ia  a  queen^  diitended  with  tgg^  a  j^rtilioii  along  the 
^  back,  and  a  continued  motkm  from  oae  extreme  to  the  other^  much  liJL^ 
^*  that  we  fifid  in  filk-worms.'*    Account  of  Engiifli  Ants  by  govld,  p.  ii. 

(^)  I  cannot  pqfitively  aflert,  that  the  old  queens  yield  oggs  fo  plcntifiiHy  at  iSi 
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Thefe  eggs  are  Inftantly  taken  from  her  body  by  her 
dants  (of  whom  there  always  are,  in  the  royal  chamber  audi 
the  galleries  adjacent,  a  fufficient  number  in  waiting)  and  car- 
ried to  the  nurferies,  which  in  a  great  neft  may  fome  of  them 
Be  four  or  five  feet  diftant  in  a  ftraight  line,  and'  confequently 
much  farther  by  their  winding  galleries.  Here,  after  they 
are  hatched,  the  young  are  attended  and  provided'  with 
every  thing  necefl'ary  until  they  are  able  to  Ihift  for  tRera- 
felves,  and  take  their  fhare  of  the  labours  of  the  community^ 
The  foregoing,  I  flatter  myfelf,  is  an  accurate  defcriptioa 
and  account  of  the  Vermes  bellicofus  or  fpecics  that  builds  the 
large  neffs  in  its  different  ffates^ 

Thofe  which  build  either  the  roofed"  turrets  or  the  nefts  in 
the  trees,  feem  in  moft  inftances  to  have  a  flirong  refemblance  fo 
them,,  both  in  their  form  and  oeconomy,  going  through  the 
fame  changes  from  the  egg  to  the  winged  ftate.  The  queens 
alfo  ihcreafe  to  a  great  fire  when  compared'with  the  labourers  j; 
but  very  (hort  of  thofe  queens  before  dcfcribedl  The  largcfl 
are  ftom  about  an  hich  to  an-  Inch  and  z  lialf  Ibngj  and'  not 
much  thicker  than^  a- common  quHl.  ^  There  is  the  fSme  kind^  of 
perifbltic  motion  inr  the  abdomen:,  but  in  a  much  fmaller  dfe* 

0 

times,, but  the  protnidiog  them  being,  the  conilBqueoce  of  the  perifialtic  moticjQ,, 
it  would  feem.  iavoluntaiy  on  their  parts,  and  the  numberi  or  nearly  fo,  always- 
indifpenfable:'thc  aftonifhbg  multitudes  of  inhabitants  found  in  their  nefts  alfo 
countenance  this  opinion  flrongly* 

(19)  Since  the  reading  of  this- paper,  Mr.  low  hvi^ter,  fo  celebrated  for.  his 
great. (kill  andexpei'ience  in  comparative  anatomy,  has  diifefted  two  young  queens*. 
He  finds  the  abdomen  contains  two  ovaria,  in  each  of  which  are  many  hundred  ova- 
duds,  and  in  each  of  thefe  ovO'dtufls  a  veft  many  eggs ;  ib  that  there  feems  no  doubt- 
of  the-fa£t,.as  thematrixof  ti^ir/^j'rMv^fsr^tfiS'muft  beca]tulatedibrtheprodll6!ioa' 
1^ld  yielding  of  a  {prodigious  number  of  eggs.    He  has  alfo  difleded  the  kings; 
Ihe  refult^o^  thefe.diire^na,.w^tli  ibme  furUier  particulars,,  will  be  leiated  in 
vaothcc.gageiu  •    • 
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pee ;  and,  as  the  animal  is  incapable  of  moving  from  b  r 
place,  the  eggs  no  doubt  are  carried  to  the  different  cells  by  the 
kbourersy  ind"  reared'  with  a.  care  fimilar  to  that  which  is  prao- 
tifed  in  the  larger  nefts. 

It  is  remarkable  of  all  thefe  different  fpecies,  that  the  work- 
ing and  the  fighting  infeds  never  expofe  themfclves  to  the  open 
air ;  but  either  travel  under  ground,  or  within  fuch  trees  and 
fubftances  as  they  deftroy,  except,  indeed,  when  they  cannot 
proceed  by  their  latent  paffages,  and  find  it  convenient  or  ne- 
ceflary  to-fearch  for  plunder  above  ground.  In  that  cafe  they 
make  pipes  of  that  material  with,  which  they  build  their 
nefts.  The  larger  fort  ufe  the  red  clay ;  the  turret  builders* 
ufe    the-  blacl^  clay;    and    thofe   which   build  in  the  trees 

employ  the  faime  ligneous  fubftancea  of  which  their  nefts  are 
eompofeA(3°)  (30(30^ 

With-. 

(i^  **  SmaU  birdi,.  fowls^. Lizards,  and^otber.  reptHet,  fearch  for  them  as  the 
^*  moft  delicious  mbcfels ;  therefore  they  never  go  abroad  but^  under  their  covered 
"  ways •"..    DUTERTRE,  quarto,  vol.  II.  p.  345, 

(31)  **'  The  earth  hereabouts  way  all  filled  with  a  fpecies  of  a  white  Anti  cailidi 
^  Vag  Vague,  different  from  that  whicfi   I  have  elfewhere  defcribed.     This,. 
^  inftead  of  raifing  pyramids,  continues  buried  under  ground,  and  never  makes ^ 
^  itfelf  known  but  by  fmall  cyHndtical  galleries  of  the  thicknefi  of  a  gooie  quill, 
^  which  it  creels  againft  the  feveral  bodies  it  difigns  to  attack.    Thefe  galleries 
**  are  formed  of  earth  with  infinite  delicacy  of  workmanfhip.     The  Vag  Vagues 
*^  make  ufe  of  them  as  of •  covert-ways,,  to  work  without  being  fecn 5  and  what- 
**•  ever  they  fallen  themfclvcs  to,  whether  it  be  leather,  doth,  linen^  bookli,  or 
*'  wood),  it*  is  furely  gnawed  and  confumed;    I  iheuld  have  thought  myfelf  pretty 
^  well  off,  had  they  only  attacked  the  reedi  of  my  hut;    but   they  pierced^ 
^  through  a. trunk  which  flood  on  trefUes  a  foot  above  the  groundi  and  gnawed 
**  moft  of  my  book***    ADANsoN's'Voyage  to  Guinea,  179—337; 

N.  B.  Mr.  ADANsoN  is  certainly  miftaken  when  he  fays,  ♦*  They  never  ntake 
^  themielves.  known  but  by  their  covered  ways,  and  is  the  only  one  vvhom  I  have. 

**  moCi 
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With  thefe  materials  they  completely  line  moft  of  the  roads 
leading  from  their  nefts  into  the  various  parts  of  the  country, 
-and  travel  out  and  home  with  the  utmoft  fecurity  in  all  kinds 
of  weather.  If  they  meet  a  rock  or  any  other  obftrudtion,  they 
will  make  their  way  upon  the  furface ;  and  for  that  purpofe  ereft 
a  covered  way  or  arch,  ftill  of  the  fame  materials,  continuing  it 
with  many  windings  and  ramifications  through  large  groves ; 
having,  where  it  is  poffible,  fubterranean  pipes  running  parallel 
with  them,  into  which  they  fink  and  fave  thcmfelves,  if  their 
galleries  above  ground  are  deftroyed  by  any  violence,  or  the 
tread  of  men  or  animals  alarms  them.  When  one  chances  hy 
accident  to  enter  any  folitary  grove,  where  the  ground  is  pretty 
well  covered  with  their  arched  galleries,  they  give  the  alarm  by 
loud  hiflings,  which  we  hear  diftinftly  at  every  ftcp  we  make ; 
foon  after  which  we  may  examine  their  galleries  in  vain  for  the 
infefts,  but  find  little  holes,  juft  large  enough  for  them,  by 
which  they  have  made  their  efcape  into  their  fubterraneous  roads. 
Thefe  galleries  are  large  enough  for  them  to  pafs  and  repafs 
fo  as  to  prevent  any  ftoppages  (though  there  are  always 
numerous  pafl'engers)  and  (helter  them  equally  from  light  and 


'^  met  with  who  has  been  attacked  while  living  by  the  whiU  Ann**  I  have  fone 
•doubt,  that,  although  the  approaches  of  the  Termites  were  carried  i^  to  bb  bed, 
the  bites  he  received  were  from  real  Ants^  of  which  there  are  fome  fcarce 
vifible  which  are  very  numerous  and  produce  great  pain ;  whereas  the  bite  of 
the  TTermei  lets  out  much  blood,  and  ihew«  not  the  leafi  fymptom  of  venom- 
See  DU  test&e's  Antilles^  vol.  II.  p.  344.  and  Defcript.  de  TAfriqucipar  i*abat, 
Com.  in.  p^  298* 

00  See  SLOAME,  lxgqn,  lxknjsvs  (Termes  Fatalis),  voaskal  (Tennes  Arda), 
and  the  various  voyages  to  Africa  and  both  Indies. 
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air,  as  well  as  from  their  enemies,  of  which  the  ants,  being, 
the  moft  numerous,  are  the  moft  formidable.. 

The  Termites^  except  their  heads,  are  exceeding  foft,  and 
covered  with  a  very  thhi  and  delicate  (kiii ;  being  blind,  they 
are  no  match  on  open  ground  for  the  ants,  who  can  fee,  and  are 
all  of  them  covered  with  a  ftrong  horny  (hell  not  eafily  pierced,, 
and  are  of  difpofitions  bold,  aftive,  and  rapacious.  Whenever 
the  Termites  are  diflodged  from  their  covered  ways,  the  various^ 
fpecies  of  the  former,  who  probably  are  as  numerous- 
above  ground  as  the  latter  are  in  their  fubterraneous  paffages,, 
inftantly  feize  and  drag  them  away  to  their  nefts,  to  feed  the 
youngbrood(33)(34)(35)^    The  Termites  are  therefore  exceeding 

felicitous 


(31}  Sir  WANS  <LOAi»B  was  certainly  miilaken  in  bis  account  of  the  Wood' Ants ; 
k  is  utterly  improbable  that  they  fliould  go  into  the  nefts  of  the  red  Ants  and  kiii 
them.  It  IB  moil  probable,  the  error  has  arifen  from  Sir  h  ans's  havbg  confounded 
the  two  genera  of  infe6t9  the  Formica  and  Termes  together,,  which  made 
him  never  fpeaK  oi  them  with  precifion.  The  rcverfe  of  his  account  is  moft 
likely,  which  is,  that  the  Firmiea  will  follow  their  plunder  into  the  nefts 
•f  the  Tirmius  and  deftroy  them;  for  the  htter  always  keep  within  their 
nefts  or  covered  ways,  avoiding  ail  communications  with  other  infe£ks  and* 
animals,  and  never  meddling  with  them  but  when  dead;  whereas  the 
Formicit  ramble  about  every  where,  and  enter  every  cranny  and  hole  that  is  large 
enough,  and  attack  not  only  infe£h  and  reptiles  but  even  large  animals.  Set 
ILOANC^  Voyage  to  Jamaica,  voK  II.  p.  an,  222.  tab*  1^%^  Hlfi.  di  PAcademir 
JioyaU  des  ScifHceSf  1701,  p.  i6.  Fourmis  di  Vifite. 

b4)  LiGON  mentions  znoxhtv  fort  of  jfnts^  and  defcribet  the  galleries-  of  the 
termites.    ligon*s  Barbadoes,  p*^64,  6$. 

(35)  MEKiAN  fays,  tht'jints  make  nefts  above  eight  feet  high,  by  which  I  appre- 
hend (he  means  the  nefts  of  the  Termites  i  but  in  fpeaking  of  the  manners  of  the 
iofeds  flie  certainly  means  feme  fpecies  of  the  Formica.  Thofe  whieh  are  de-- 
&ribed  as  firipping  the  trees  are  a  fpecies  called,  in  Tobago,  Fara-fol-Ants^  be* 
caufe.  they  cut  out  of  the  leaves  of  certain  trees  and  plants  pieces  almoft  circular, . 

aodi 


1  y^  Mr. . SME ATHMAN^S  ActOUHt  ,of 

follcitous  about  the  preferving  their  covered  ways  in  good  re- 
pair ;  and  If  you  demolifli  one  of  them,  for  a  few  inches  in 
length,  it  is  wonderful  how  foon  they  rebuild  it.  At  firft  in 
tTieir  hurry  they  get  into  the  open  part  an  incli  or  two,  but  flop 
fo  fuddenly  that  it  Is  very  apparent  tTiey  are  furprized :  for 
though  fome  run  Ilraight  on,  andjget  under  the  arch  as  fpeedily 
as  poflible  in  the  further  part,  moft  of  them  run  as  faft  back, 
and  very  few  will  venture  through  that  part  of  the  track 
which  is  left  uncovered.  In  a  few  minutes  you  will  perceive 
them  rebuilding  the  arch,  and  by  the  next  morning  they  will 
havereftored  their  gallery  for  tliree  or  four  yards  in  length,  if 
fo  much  has  Leen  ruined ;  and  upon  opening  it  again  will  be 
found  as  numerous  as  ever,  under  it,  paffing  both  ways.  If 
you  continue  to  deftroy  it  feveral  times,  they  will  at  length  fecm 
to  give  up  the  point,  and  build  another  in  a  different  dire£lion ; 
but,  if  the  old  one  led  to  Ibme  favourite  plunder,  in  a  few  days 
will  rebuild  it  again  ;  and,  unlefs  you  deftroy  their  ncft,  never 
totally  abandon  their  gallery. 

The  Termites  arborum^  thofe  which  build  in  trees,  frequently 
eflablifh  their  nefts  within  the  roofs  and  other  parts  of  houfes, 

to  which  they  do  confiderable  damage,  if  not  timely  cictir- 
pated. 

The  large  fpecies  are,  however,  not  only  much  more    de- 

ilrudive,  but  more  difficult  to  be  guarded  againft,  fince  they 

make  their  approaches  chiefly  under  ground,  defcending  below 

the  foundations  of  houfes  and  flores  at  feveral  feet  from  the  fur* 

face,  and  lifing  again  either  in  the  floors,  or  entering  at  the 

and  are  to  be  feen  all  the  year  round  travetting  from  the  plants  along  their  road  t» 
the  neft|  with  each  one  of  thefe  circular  pieces  of  leaves  in  their  jaws,  which^ 
from  their  fhape  and  colour,  gire  a  very  good  idea  of  people  walking  with  para- 
lofs  ^umbrellas).   MBaxAK,  Infeffes  dc  Surinam^  p.  z8* 

bottoms 
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bottoms  of  the  pofts,  of  which  the  fides  of  the  buildings  are 
compofed,  bore  quite  through  them,  following  the  courfe  of 
the  fibres  to  the  top,  or  making  lateral  perforations  and  cavities 
here  and  there  as  they  proceed. 

While  fome  are  employed  in  gutting  the  pofts,  others  afcend 
from  them,  entering  a  rafter  or  fome  other'  part  of  the  roof.  If 
they  once  find  the  thatch,  which  feems  to  be  a  favourite  food^ 
they  loon  bring  up  wet  clay,   and  build  their  pipes  or  galleries 
through  the  roof  in  various  diredlions,  as  long  as  it  will  fupport 
them ;  fometimes  eating  the  palm-tree  leaves  and  branches  of 
which  it  Is  compofed,  and,  perhaps  (for  variety  feems  very 
pleafing  to  them)  the  rattan  or  otlier  running  plant  which  is 
ufed  as  a  cord  to  tye  the  various  parts  of  the  roof  together,  and 
that  to  the  pofts  which  fupport  it :  thus,  with  the  affiftance  of 
the  rats,  who  during  the  rainy  feafon  are  apt  to  fhelter  them- 
felves  there,  and  to  burrow  through  it,  they  very  foon  ruin  the 
houfe  by  weakening  the  faftenings  and  expofing  it  to  the  wet^ 
ti  the  mean  time  the  pofts  will  be  perforated  in  every  dircdion 
as  full  of  holes  as  that  timber  In  the  bottoms  of  fhips  which 
has  been  bored  by  the  worms ;  the  fibrous  and  knotty  parts, 
which  are  the  hardeft,  being  left  to  the  laft  C3«.\ 

They 

(3^)  Th«  iba  worms,  fo  pernicious  to  our  fhlpping,  appear  to  have  the  fame 
office  allotted  them  in  the  waters  which  the  Termites  have  on  the  land.  The7 
will  appear,  on  a  very  little  confideration,  to  be  moft  important  beings  in  the  great 
chain  of  creation,  and  pleafing  demonftrations  of  that  infinitely  wife  and  gracious 
Power  which  formed,  and  Aiil  preferves,  the  whole  in  fuch  wonderful  order  and 
beauty :  for  if  it  was  not  for  the  rapacity  of  thefe  and  fuch  animals,  tropica! 
riven,  and  indeed  the  ocean  itfelf,  would  be  choked  with  the  bodies  of  trees 
which  are  annually  carried  down  by  the  rapid  torrents,  as  many  of  them 
would,  laft  for  ages,  and  probably  be  productive  of  evils,  of  which,  happily. 

Vox.  LXXL  A  a  wc 
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They  fometitnes,  in  carrying  on  this  bufinefs,  find,  I  will 
not  pretend  to  fay  how,  that  the  poft  has  fome  weight  to  fup- 
port,  and  then  if  it  is  a  convenient  track  to  the  roof,  or  is  itfelf 
a  kind  of  wood  agreeable  to  them,  they  bring  their  mortar, 
and  fill  all  or  moft  of  the  cavities,  leaving  the  neceffary  roads 
through  it,  and  as  faft  as  they  take  away  the  wood  replace  the 
vacancy  with  that  material ;  which  being  worked  together  by 
them  clofer  and  more  compa£lly  than  human  ftrength  or  art 
could  ram  it,  when  the  houfe  is  pulled  to  pieces,  in  order  to 
examine  if  any  of  the  pofts  are  fit  to  be  ufed  again,  thofe  of  the 
fofter  kinds  are  often  found  reduced  almoft  to  a  fhell,  and  all  or 
a  greater  part  transformed  from  wood  to  clay  as  folid  and  as 
hard  as  many  kinds  of  free-ftone  ufed  for  building  in  England. 
It  is  much  the  fame  when  the  Termites  bellic^  get  into  a  cheft 
or  trunk  containing  cloaths  and  other  things ;  if  the  weight 

we  cannot  in  the  prefent  harmonious  fiate  of  thiags  form  any  idea  *;  whereat  now 
being  confumed  by  thefc  animals,  they  are  more  eafily  broken  in  pieces  by  the 
waves ;  and  the  fragments  which  are  not  devoured  become  fpecifically  lighter, 
and  are  confequently  more  readily  and  more  efiedtually  thrown  on  fliore,  where  the 
fun,  wind,  infe^^s,  and  various  other  inflruments,  fpeedily  promote  their  entire 
diifolution,  and  refto're  the  conftituent  particles  to  that 

■     '  **  Mighty  hand, 

**  Which,  everbufy,  wheels  the  iilent  fpheres  ; 

*^  Works  in  the  fecret  deep ;  ilioots,  fteaming,  thence 

**  The  fair  profiifion  that  o'erfpreads  the  fpring: 

*'  Flings  from  the  fun  dire£t  the  flaming  day  ; 

**  Feeds  every  creature ;  hurls  the  tempeft  forth  ; 

**  And,  as  on  earth  this  grateful  change  revolves, 

*'  With  tranlport  touches  all  the  fprings  of  lifc.*^  THolisotr; 

^  That  wood  will  endure  in  water  an  amaslng  number  of  ageS|  is  apparent  from  the  9ak/iakes  whicb 
Were  driven  into  the  bed  of  the  river  Thames  ou  the  inraiion  of  thisiflaad  by  yu/mCi^/dry  one  of  which  is 

♦ 

to  be  feen  in  Sir  ash  ton  lever's  Mufeuniy  and  likewift  firom  thofe  bodies  of  trees  which  are  daily  founJ 
in  the  bogs  and  mcralTcs  of  Great  Britain  and  Ireland,  which  after  a  duratioBi  the  former  of  cighteea 
Itttodrcd,  the  latter  of  upwards  of  two  thoofand  yeart^  are  fovttd  ia  •  pcrfcA  tec  of  pRlenration. 

above 
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above  is  great,  or  they  are  afraid  of  Ants  or  other  enemies, 
and  have  time,  they  carry  their  pipes  through,  and  replace  a 
great  part  with  clay,  running  their  galleries  in  various  direc- 
tions.  The  tree  Termites,  indeed,  v^rhen  they  get  within  a 
box,  often  make  a  ncft  there,  and  being  once  in  poffeflion  dcftroy 
it  at  their  leifure.  They  did  fo  to  the  pyramidal  box  which  con  - 
tained  my  compound  microfcope.  It  was  of  mahogany,  and  I 
had  left  it  in  the  ftore  of  Governor  Campbell  of  Tobago,  for 
a  few  months,  while  I  made  the  tour  of  the  Leeward  Iflands. 
On  my  return  I  found  thefe  infefts  had  done  much  mifchief  in 
the  ftore,  and,  among  other  things,  had  taken  pofleffion  of  the 
microfcope,  and  eaten  every  thing  about  it  except  the  glafs  or 
metal,  and  the  board  on  which  the  pedeftal  is  fixed,  with  the 
drawers  under  it,  and  the  things  inclofed.  The  cells  were 
built  all  round  the  pedeftal  and  the  tube,  and  attached  to  it  on 
every  fide.  All  the  glafles  which  were  covered  with  the  wooden 
fubftance  of  their  nefts  retained  a  cloud  of  a  gummy  nature 
upon  them  that  was  not  eafily  got  off,  and  the  lacquer  or 
burnifli  with  which  the  brafs  work  was  covered  was  totally 
fpoiled.  Another  party  had  taken  a  liking  to  the  ftaves  of 
a  Madeira  calk,  and  had  let  out  almoft  a  pipe  of  fine  old  wine. 
If  the  large  fpecies  of  Africa  (the  termites  betlicofi)  had 
been  fo  long  in  the  uninterrupted  pofleffion  of  fuch  a  ftore, 
they  would  not  have  left  twenty  pounds  weight  of  wood  re- 
maining of  the  whole  building,  and  all  that  it  contained  (37). 

Thefe 

(37)  Captain  philup  oi  the  navy,  who  was  fomc  time  at  the  Brazils  in  the 
fcr\'icc  of  Portugal,  gives  me  the  following  relation,  "  An  engineer  returned 
**  from  furveying  the  country,  left  his  trunk  on  a  table :  the  next  morning,  adt 
**  only  all  his  cloaths  were  deAroyed  by  white  Ants  or  Cutter s^  but  his  papers  alfo  ; 
^  and  the  latter  in  fuch  a  manner,  that  there  was  not  a  bit  left  of  an  inch  fquare.* 

A  a  1  "  The 


j8o  Mr.  SMEATMMAN**S  AcCOUttt  of 

Thefe  infects  are  not  lefs  expeditious  in  deftroying  the 
fhelves,  wainfcotting,  and  otlier  fixtures  of  an  houfe,  than  the 
houfe  itfelf.  They  are  for  ever  piercing  and  boring  in  all  direc- 
tions, and  fometimes  go  out  of  the  broadfide  of  one^  poft 
into  that  of  another  joining  to  it ;  but  they  prefer  and  always* 
deftroy  the  fofter  fubftances  the  firft,  and  are  particularly 
fond  of  pine  and  fir-boards,  which  they  excavate  and  carry  away 
with  wonderful  difpatch  and  aflonifhing  cunning :  for,  except  a 
ilielf  has  fomething  ftanding  upon  it,  as  a  book,  or  any  thing 
elfe  which  may  tempt  them,  they  will  not  perforate  the  furface, 
but  artfully  preferve  it  quite  whole,  and  eat  away  all  the  infide, 
except  a  few  fibres  whieh  barely  keep  the  two  fides  connefted^ 
together,  fo  that  a  piece  of  an  inch-board  which  appears  folid* 
to  the  eye  will  not  weigh  much  more  than  two  fheets  of  pafte- 
hoard  of  equal  dimenfions,  after  thefe  animals  have  been  a  little* 
while  in  poffeflion  of  it  (J^)  C39)  (40)  (41).    la  fliort,  the  Termites  are 

*«  The  black  lead  pencils  were  HkcMrife  fo  completely  deftpoyed,^  that  the  linallefl: 
**  piece,  even  of  the  black  lead  could  not  be  found.  The  cloaths  were  not 
«^  entirety  cut  ti3  pieces  and  carried  away,  but  appeared  ^as  if  moth-eaten,  there 
<*  being  fcarce  a  piece  as  large  as  a  fliiUing  that  was  free  fronv  fmali  holes ;  and 
•**  it.was  further  remarkable^  that  {om^.Jilvir  cvhij  which- was  in  the  tnink,  had  a 
■^*  number  of  black  fpecks  on  it,  caufed  by  fomething  fo  carrofiyc.  that  they  could 
•*^not  eafily  be  rubbed  off  cyen  with  fand/*    Qjieen's-fquarc,  Wednefday,  Jan* 

1,7 j  i7rr. 

{38)  "  The  white  Ants  arc  tranfparent  as  glafe,  and  bite  fo  forcibly,,  that  in 
*^thc.fpace  of  one  night  alone  they  can  eat  their  way  through  a  thick  wooden 
•*  cheft  of  goods,  and  make  it  as  full  of  holes,  as  if  it  had  been  flxot  through 
*•- with  hatl^ftiot/*'   bos ma**'s  Guinea,  p.  276^  7.  4W# 

{39)  MOOAB*s  Travels,  p.  lai. 

(4°)  Voyage  de  labat  auxifles,  torn.  II.  pv  33 !• 

(41)  H  Thq  wood  Ants  are  the  moft  pernicious  of  all  others,  being  fo  veiy 

•*-  dcftrufitiyc.  to  timber  of  moll  forts,  that^  if  nol  ppeveated,  they-  will  in  a  few 

«*  ycarr 
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fo  infidious  in  their  attacks,  that  we  cannot  be  too  much  on 
our  guard  againft  them :  they  will  fometimes  begin  and  raife 
their  works,  efpecially  in  new  houfes,  through  the  floor  (4*\  If 
you  deftroy  the  work  fo  begun,  and  make  a  fire  upon  the  fpot,  the 
next  night  they  will  attempt  to  rife  through  another  part ;  and, 
if  they  happen  to  emerge  under  a  cheft  or  trunk  early  in  the 
night,  will  pierce  the  bottom,  and  deftroy  or  fpoil  every  thin^ 
ill  it  before  the  morning  (+3).  On  thefe  accounts  we  are  careful' 
to  fet  all  our  chefts  and  boxes  upon  ftones  or  bricks,  fo  as  to 
leave  the  bottoms  of  fuch  furniture  fome  inches  above  the 
ground;  which  not  only  prevents  thefe  infers  finding  them 
out  fo  readily,  butpreferves  the  bottoms  from  a  corrofive  damp 
whicb  w^onld  ftrifce  from*  the  earth  through,  and  rot  every 
thing  therein  :  a  vaft  deal  of  vermin  alfo  would  harbour  under,, 
fuch  as  Cock- roaches.  Centipedes,  Millepedes,  Scorpions,  Ants,, 
and  various  other  noifbme  infefts. 

When  the  Termites  attack  trees  and  branches  in  the  open  ai?, 
they  fometimes  vary  their  manner  of  doing  it.  If  a  ftake  in  a 
hedge  bias  not  taken  root  and  vegetated,  it  becomes  their  bufi- 
nefe  to  deftroy  it.    If  it  has.  a  good  found  bark  round  it,  they 

"  years  time  deftroy  the  whole.roof  of  an  houfe,  efpecially  if  it  be  of  foft  tira- 
«•■  bcr.  — —  They  have  likewifc  caiifed  great  lofles  to  (hop-kcepers,  by  boring. 
*'  through  whole  bales  of  linnen  as  well  as  wooldn  cloths,     hughes*s  Barbadoes, 

p.  93* 

(4*)  The  floors  arc  gcneraUy  made,  of  the  ftonc  or  clay  taken  from  the  hills 
raifcd  by  thefe  infe^^g,  which,  being. moiftened  with  water,  and  mixed  by  treading, 
is  beaten  level,  fmooth,  and  coaipadt|  with  their  feet  and  a  kind  of  hand-bat  or 
beetle. 

(43)  **  One  night,  in  a  few  hours,  they  pierced  one  foot  of  the  table,  and' 
^^  (having  in  that  manner  afcended)    carried   their  arch  acrofs  it,    and  then 
^  down  through  the  middle  of  the  other  foot  into  the  floor,  as  good  luck  would: 
'*  have  it,  without  doing  any  damage  to  the  papers  left  there."    kkmpfer  Hift». 
Jftpan,  vof,  II..  p.  xa7» 

Willi 
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will  enter  at  the  bottom,  and  eat  all  but  the  bark,  which  w^ill 
remain,  and  exhibit  the  appearance  of  a  folid  ftick  (which  fome 
vagrant  colony  of  Ants  or  other  infedls  often  Ihelter  in  till 
the  wnid^  difperfe  it)  ;  but  if  they  cannot  truft  the  bark,  they 
cover  the  whole  ftick  with  their  mortar,  and  it  then  looks  as 
if  it  had  been  dipped  into  thick  mud  that  had  been  dried  on. 
Under  this  covering  they  work,  leaving  no  more  of  the  ftick 
and  bark  than  is  barely  fufficient  to  fupport  it,  and  frequently 
not  the  fmalleft  particle,  fb  that  upon  a  very  fmall  tap  with 
your  walking  ftick,  the  whole  ftake,  though  apparently  as  thick 
as  your  arm,  and  five  or  fix  feet  long,  lofes   its   form,    and 
difappearing  like  a  fhadow  falls  in  fmall  fragments  at  your 
feet.     They  generally  enter  the  body  of  a  large  tree  which 
has  fallen  through  age  or  been  thrown  down  by  violence,  on 
the  fide  next  the  ground,  and  eat  away  at  their  leifure  withia 
the   bark,  without  giving  themfclves   the   trouble   either   to 
cover  it  on  the  outfide,  or  to  replace  the  wood  which  they  have 
remov^  from  within,  being  fomehow  fenfible  that  there  is  no 
neceflity  for  it.    Thefe  excavated  trees  have  deceived  me  two  or 
three  times  in  running :  for,  attempting  to  ftep  two  or  three  feet 
high,  I  might  as  well  have  attempted  to  ftep  upon  a  cloud,  and 
have  come  down  with  fuch  unexpefted  violence,  that,  befides 
(haking  my  teeth  and  bones  almoft  to  diflocation,  I  have  been 
precipitated,    head   foremoft,    among   the  neighbouring  tree<« 
andbufhes.     Sometimes,    though    feldom,    the    animals   are 
known  to   attack  living  trees ;  but  not,  I  apprehend,  before 
fymptoms  of  mortification  have  appeared  at  the  roots,  fince  it  is 
evident,  as  is  before  obferved,  that  thefe  infers  are  intended  i^i 
the  order  of  nature  to  haften  the  diffolution  of  fuch  trees  and 
vegetables  as  have  arrived  at  their  grcateft  maturity  and  per- 
S  fe&ion. 
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fe£tion,  and  which  would,    by  a  tedious  decay,    ferve  only 
to  encumber  the  face  of  the  earth.     This  pu/pofe  they  anfwer 
fb  effeftually,  that  nothing  perifhable  efcapes  them,  and  it  is 
almoft  impoffible  to  leave  any  thing  penetrable  upon  the  ground 
a  long  time  in  fafety ;  for  the  odds  are,  that,  put  it  where  you 
will  abroad,  they  will  find  it  out  before  the  following  morning, 
and  its  definition  follows  very  foon  of  courfe.     In  confequenee 
of  this  dilpofition,  the  woods  never  remain  long  encumbered 
with  the  fallen  trunks  of  trees  or  their  branches ;  and  thus  it 
is,  as  I  have  before  obferved,  the  total  deftruftion  of  deferted 
towns  is  fo  effeftually  completed,  that  in  two  or  three  years  a 
thick  wood  fills  the  fpace ;  and,  unlefs  iron-wood poUs  have  been 
made  ufe  of,  not  the  leaft  veftige  of  an  houfe  is  to  be  difcovered. 
The  firft  obje£t  of  admiration  which  ftrikes  one  upon  open- 
ing their  hills  is  the  behaviour  of  the  foldiers.    If  you  make  a 
breach  in  a  flight  part  of  the  building,  and  do  it  quickly  with  a 
ftrong  hoe  or  pick-axe,  in  the  fpace  of  a  few  feconds  a  foldfer 
will  run  out,  and  walk  about  the  breach,  as  if  to  fee  whether 
the  enemy  is  gone,  or  to  examine  what  is  the  caufe  of  the  attack. 
He  will  fometimes  go  in  again,  as  if  to  give  the  alarm :  but 
mofl  frequently,  in  a  fhort  time,  is  followed  by  two  or  three 
others,  who  run  as  fafl  as  they  can,  flraggling  after  one  ano- 
ther, and  are  foon  followed  by  a  large  body  who  rufh  out  as 
fafl  as  the  breach  will  permit  them,  and  fo  they  proceed,  the 
number  ihcreafing,    as  long  as  any  one  continues   battering 
rfieir  building  (^).     It  is  not   eafy   to   defcribc   the  rage  and 

fury 

(44)  "  They  throw  up  little  hills  of  fcrcn  or  eight  feet  high,  fo  very  full  of  ' 
*'  holes  that  they  rather  feem  like  honey-combs  than  burrows.     Thefe  Ant  hills 
"  are  of  a  very  fmall  qircumferencc  in  proportion  to  their  height,  being  (Iiarp  at  top, 
^  fo  that  to  judge  by  the  looks  of  them  one  would  think  the  wind  could  blow  them 

**  dowiKrf 
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fury  they  ihew.     In  their  hurry  they  frequently  inif$  their 
hoH,  and  tumble  down  the  fides  of  the  hill,  but  recover  them- 
felves   as  quickly  as   poflible ;    and,  being   blind,  bite   every 
thing  they  run  againft,  and  thus  make  a  crackling  noife,  while 
fome  of  them  beat  repeatedly  with  their  forceps  upon  the  build- 
ing, and  make  a  fmall  vibrating  noife,  fomething  (hriller  and 
quicker  than  the  ticking  of  a  watch  :  I  could  diftinguifh  this 
noife  at  three  or  four  feet  diftance,  and  it  continued  for  a  minute 
at  a  time,  with  (hort  intervals.     While  the  attack  proceeds  they 
are  in  the  moft  violent  buftle  and  agitation.     If  they  get  hold  of 
any  one,  they  will  in  an  inftant  let  out  blood  enough  to  weigh 
againft  tlieir  whole  body  ;  and  if  it  is  the  leg  they  wound,  you 
will  fee  the  ftain  upon  the  ftocking  extend  an  inch  in  width. 
They  make  their  hooked  jaws  meet  at  the  firft  ftroke,  and  never 
quit  their  hold,  butfufFer  themfelves  to  be  pulled  away  leg  by 
leg,   and  piece  after  piece,  without  the  leaft  attempt  to  efcape. 
On  the  other  hand,  keep  out  of  their  way,  and  give  them  no 
interruption,  and  they  will  in  lefs  than  half  an  hour  retire  into 
the  neft,  as  if  they  fuppofed  the  wonderful  monfter  that  da- 
maged their  caftle  to  begone  beyond  their  reach.  Before  they  are 
all  got  in  you  will  fee  the  labourers  in  motion,  and  haftcning 
in   various    diredlions   toward  the   breach  :    every   one  with 
a  bur.then  of  mortar  in  his  mouth  ready  tempered.     This,  they 
ftick  upon  the  breach  as  faft  as  they  come  up,  and  do  it  with 
lb  much  difpatch  and  facility,  that  although  there  are  thou- 

fands,  a^d  I  may  fay   millions,  of  them,  they  never  flop  or 

« 

"  down.  I  one  day  attempted  to  knock  off  the  top  of  one  of  theni  with  my  cane, 
*'  but  the  iVroke  had  no  other  effect  than  to  bring  fome  thoufands  of  tbe  animak 
**  out  of  doors,  to  fee  what  was  the  matter:  upon  which  I  took  to  my  heels  and 
•**  ran  away  as  faft  ^s  I  cpuld,"    smith's  Voyage  to  Guinea. 
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esnbacta&  one  another  ;^  and  you*  aoe  moft  agreeably  deceived 
"nrfaen,  after  an  ajppaient  fiiene  of.  hurry  and  confufion^  a  regu*. 
bur  waA'anfrSy  gradually  fifliQ^  up  the  chafm»  While  they  ar» 
thus  employed^  almoft.  adL  the  fbldiers  are  retired  quite  out  q^ 
fighCy-  exoopfr  here  and  there  ooe^  who  fauncers  about  anxoiig,  Cob 
hundred  or  a:thoii£iiuL  of  dte  laboucers^^  but.  oevet  touches  the 
mortar  eitfaer  to  lift  cur  carry  it ;  ane»  in  particular,  places  hiin« 
felf  cksik  eo  the  wall  theyase  huiiding.  This  foldier  will  turn 
himfelf  leifurely  on  all  fides,  and  every  now  and  then^  at  intet- 
vais:  of  a  niimxte  oo  two^  Iftft  up  his  head»  and  with  his^  forceps 
bear  upon  ^e  buildtngi.  and  make  the  vibrating,  nmie  before 
mentioBed;  on  iwdiich  iaunediatdly  a  bud  hif&9  which  appears* 
to  cone  from  all  Hhe  labourers^  iflues  from  within  fide  the 
domo  and  ail'  the  flditersaneowa  cavei^«  and  paflages^:  that  it 
does  come  from  the  labourers  ts^  ve^y  evident,,  for  your  will  ieo 
them-  tU  fasBiden  atievBi^^  &cb  fignal,.. rcbdoublis  their  pace,,  and 
work^M^fiift  agaim. 

At^tbe  moft  intereftiiigrexpemaeats  become  dull  by  repefiitioQe. 
CMC  cotttimiaace,  i6t  the;  vnifoimtty  with  Wfhicb.  thi^^  bufiaeie  hh 
carried  on^  thougk  fa  v^ry  wonderful^  at  laft  filtrates  tjaw:  ttEmkk 
A  oenowsd  o£  the  attack,,  however,  iuAailtly  changes  (hafi^ae, 
asid  grsaafies^our  curiofity  ibl£  moce;  At  every  i(]brok^  we  hear  a. 
loud  hifs' ;  and  on.  the  fivfli  the  labouse ra  run  isito*  the  mmiy  pipes 
attd>  ^iMteaiirilil  vihkk  the  buU<&»g  is  perforated,  wh(ic^  they 
do  {o  quickly  that  they  feem  to  vanifh,  for  in  a  few  feconds  all 
are  gone,  and  the  fbldiers  rufh  out  as  numerous  and  as  vindi^ve 
as  b^ore,(^5).    On  finding  no  enemy  they  return  again  leifurefy* 

into 

(4^)  %  (he  Ibldiert  being  fo  ready  to  run  out  upon  the  repeticioa  of  the 
attack,  it  appcan,,  that  they  but  juft.  withdraw  out  of  fight,  to  leave  room  for 
tliiMbaum^.to  proceed  without  interruption  in  repairing  the  breach,  and  in  this 
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mto  the  hill,  and  very  foon  after  the  labourers  appear  loaded  as 
at  firft,  as  a£live  and  as  fedulous,  with  ibldiers  here  and  there 
among  them,  who  a^t  juft  in  the  fame  manner,  one  or  other 
of  them  giving  the  (ignal  to  haftiefn  the  bufinefs.  Thus  the 
pleafure  of  feeing  them  come  out  to  fight  or  to  work  ^ter-. 
nately  may  be  obtained  as  often  as  curiofity  emtes  or  time 
permits :  and  it  will  certainly  be  found,  that  the  one  order  never 
attempts  to  fight,  or  the  other  to  work,  let  the  emergency  be 
ever  fb  great. 

*   We  meet  vaft  obflacles  in  examining  the  interior  parts  of 
thefe  tumuli.      In  the  firfl  place,   the  works,  for  inflance, 
the  apartments  which  furround  the  royal  chamber .  and  th^ 
nurferies,    and  indeed  the  whole  internal  fiibric,.  are.mmft, 
and  confequently  •  the  day  is  very  brittle:  they,  have  i  alfb  (b 
dole  a  connexion,  that  they  can  only  be  feen  as  it  were  by 
piece^meal ;  for  having  a  kind  of  geometrical,  depimdanoe  or. 
abutment  againfl  each  other,  the  breaking  of  one  arch  puUs^own. 
two  or  three.     To  thefe  obftacles  muft'Be.  added  .thftlobfti- 
liacy  of  the  foldiers,    who  fight  to  the  very  laft,  diluting) 
evety  inch   of  ground  fb  well  as  often  to  drive  aw^  -Ae 
negroes  ^ho  are   without  fhoes,   and   make  white  people 
bleed  plentifully  through  their  flockings.    Nether  I  can    wp. 

•  »  •  •  • 

Ifet'B  Ibuildihg  fland  fo  as  to  get' a  view  of  theintet^or  pjuts; 
without  intferniption,  for  while  the  foldiers  are  defending,  thc; 

infiajice  they,  iliew  more  good  fcnfe  than  the  btilk  of  mankmd,  for,  in  cafe  of  a  con- 
fiji^ratjon  \n  9  ,city,  ;h^  nurpbcr,of  people  who  aflembleto  fl^e  is  much  gjiciSiter' 
than  of  thofe  who  come  to  aflift,  and  the  former  aiways  interrupt  ind  hinder  tiie* 
latter  in  their  efforts.  The  fudden  retreat  of  the  labourers,  in  cafe  of  an  alann, 
is  alfo  a  wonderful  inftance  of  good  order  and  difciplihe,  feldora  feen  in  populous 
Cities,  where  we*  frequently  find  helplefs  people,  women,  and  children,  mthout 
any  ill  intention,  intermtting  in  violent  tumults  and  dangerous  riots. 

2  '  f        I  -.  . . ,       .  ^  out-works. 
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ouNworks,  the  labourers  keep  barricadoing  all  the  way  againft  us, 
flopping  up  the  different  galleries  and  paflages  which  lead  to  the 
various  .apartments^  particularly  the  royal  chamber,  all  the  en- 
trances to  which  they  fill  up  fo  artfully  as  not  to  let  it  be  diflin- 
guifliable  whilo  it  remains  moift ;  and  externally  it  has  no  other 
appearance  than  that  of  a  fhapelefs  lump  of  clay  (+^).  It  is,  however, 
eafily  found  from  its  fituation  with  refped  to  the  other  parts  of 
the  buildings  and  by  the  crouds  of  labourers  and  foldiers  which 
furround  it,  who  Ihew  their  loyalty  and  fidelity  by  dying  un- 
der its  walls.     The  royal  chamber  in  a  large  neft  is  capacious 
enough  to  hold  many  hundreds  of  the  attendants,  befides  the 
royal  pair^  and  you  always  find  it  as  full  of  them  as  it  can 
hold.       Thefe  faithful  fubjefts    never  abandon   their  charge 
even  in   thie  laft  diflrefs ;  for  whenever  I  took  out  the  royal 
chamber,  and,  as  I  often  did,  preferved  it  for  fome  time  in  a 
large  glafs  bowl,  all  the  attendants  continued  running  in  one 
diredion  round  the  king  and  queen  with  theutmofl  folicitude, 
fome  of  them  flopping  on  evfry  circuit  at  the  head  of  the  latter, 
as  if  to  give  her  fomething.     When  they  came  to  the  extre- 
mity of  the  abdomen,  they  took  the  eggs  from  her,  and  carried 
them  away,  and  piled  them  carefully  together  in  fome  part  of 
the  chamber,  or  in  the  bo\yl  under,  or  behind  any  pieces  of 
broken  clay  which  lay  mofl  convenient  for  the  purpofe. 

(4O  In  tab.  VIII.  fig.  2.  and  4.  the  entrances  of  the  rojral  chamber,  now  exhi- 
bited, are  reprefented  open.  They  were  all  ftiut  by  the  labourers  before  I  had 
got  tojt,  and  were  opened  (ioce  I  armed  in  England.  Two  or  three,  of  thenij 
however,  are  not  quite  open  in  the  chamber  itfelf,  and  that  next  the  breach  at  A, 
and  marked  with  a  crofa-®,  is  fidl  left  (hut,  as  a  fpecimen  of  the  manner  in 
which  they  do  it.  I  have  alfo  more  royal  chambers  and  various  fpecimens  of  the 
interior  buildings,  with  feveral  galleries  and  paflages,  fhut  up  while  we  were 
attacking  the  neft. 
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Some  of  thefe  little  unhappy  creattires  would  ramble  from 
the  chamber,  as  if  to  explore  the  caufe  of  fuch  a  horiid  niin 
and  cataftrophe  to  their  imnxenfc  building,  as  it  muft  appear  to 
them;  and,  after  fruitlefs  endeavours  to  get  ov6r  the  fide 
of  the  bowl,  return  and  mix  with  the  croud  that  continue 
running  round  their  conmion  parents  to  the  laft  (tab.  VIII.  fig. 
4.  B.).  Others,  placing  themfelves  along  her  fide,  get  hold  of 
the  queen's  vaft  matrix  with  their  jaws,  and  piill  with  all  their 
ftrength  fo  as  vifibly  to  lift  up  the  part  which  they  fix  at ;  but, 
as  I  never  faw  any  efFefl:  from  thefe  attempts,  I  never  could 
determine  whether  this  pulling  was  with  an  intention  to  remove 
her  body,  or  to  flimulate  her  to  move  "herfelf,  or  for  any  other 
purpofe ;  but,  after  ^nany  ineffefkual  tugs,  they  would  defift 
and  join  in  the  croud  running  round,  or  affift  Ibme  ojf  thofe 
who  are  cutting  off  clay  from  the  external  J>arts  of  the  cham- 
ber or  forae  of  the  fragments  and  moiftening  it  willi  the 
juices  of  their  bodies^  to  .begin  to  work  a  thin  arched  ihdl 
over  the  body  of  the  queen,  as  if  to  exclude  the  air,  or  to  hide 
her  from  the  obfervation  of  Ibme  enemy.  Thele,  if  not  in- 
terrupted, before  the  next  morning,  conipletely  cover  her, 
leaving  room  enough  within  for  gr^at  numbers  to  run  about  her. 

I  do  not  mention  the  king  in  this  cafe,  becaiife  he  is  very  fmall 
in  proportion  to  the  queen,  not  being  bigger  than  thirty  of  the 
labourers,  fo  that  he  generally  conceals  himfelf  under  one  fide 
of  the  abdomen,  except  \vhcn  he  goes  up  to  the  queen's  head, 
which  he  does  now  aiid  then,  but  ndtib  frequently  as  the  rd[L 

If  in  your  attack  on  the  hill  you  flop  fliort  of  the  rc^al  Cam- 
ber, and  cut  down  about  half  of  the  building,  and  leave  open 
ibme  thoufands  of  galleries  and  chambers,  they  will  all  be  fhut 
up  with  thin  fheets  of  clay  before  the  next  morning.  If  even 
ihe  whole  is  puUed  down,  vxd  the  different  buildings  are  thrown 
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mjaiooafiifed  heapt^f  ruias^  provided  the'^ing  and  queen  arc 
not  Jefkcrped  or  taken  iaway^  every  interftice  between  the.nuns, 
a(t:«tiiekatiaierQQidor  wet  can  pei&bly  enter,,  will  be  focQvered 
«Siit<K>ncftiide'  botih,  .and,,  if  tHe  animals  are  left  und^i^bed^ 
hkJibmit -jaL  ytsLt  they  will  raife  the  jbvUding  to  npar  i^.pciiline 

Ilheoaarching  Termites  are  not  lefs  cniious  in  their  order,  39 
ftrcas^i^'a^e^  had  an  opportutiity  lof  obieryi«g  them,  tbax^  thpfe 
defdribed  boforc^  '  This  ipebies  $benis  much  if  V€er  and  lacgeir 
tlsan^cbe  fermes  ItelUcbftu.  I  >Gould  ^t  Qp  'in^ormaitipn  relative 
to  them  j£com  the  black  .people,  from  ;which  I  conjoidljure  thf 7 
aredktkimawnito'themx  tnj^  feeing  i^b^iCa  was  vpry .  acx:id<^^« 
CS^eiday,  hanring  made  an  enc^riion  iwith  >my  lgt»i^  i(prlj9^xiv;er 
CaoienmkoeSyOaaxzgrretum  tbrough  the  thic}c:fpFe{lywdulft  Iiyas 
£uinteringvery>fikntly  in  ihopes  of  ^n^g  fon^  fport^  on  a  iud-- 
den  I  heard  a  loud  bi&^  which,  -wi  account  of  the  many  ierpeats 
in  ^tOmie  countries,  isa  m<^.alaf|nii9g^und.  Th^  i^xt  il^ 
caufed  a  T^tition  of  the  noif^;  whiph  I)  foon .  reo^gnized,  and 
ficas  rather  furprifed  feeing  no  covered  ways,  or  hiils.  The 
Doife,  however,  led  me  a  few  paces  from  the  path^  where,  to 
my  gveat  ^onifhment  and  pleafure,  I  faw  ai^  army  of  Tc;*^ 
miiescomiag  out  of  a  holfi  in  the.ground,  which  couMnot  be 
aJbove  four  or  five  inches  wide*  They  came  out  in  v£^  numr 
bers,  moving  forward  as  faft  feemingly  as  it  was  poffible  for  them 
to  mafflh.  •  in  lefs  than  a  yard  from  this  place  they  divided  into 
tim  ftreahn  or  columns^  compofed  chiefly  of  the  iir^  order, 
which  ijcsil  labourersy  tweive  or  fifteen  arbreafl,,.  i^nd  i:roudeJ 
as  x^oft  after  one  another  as  fheep  in  a  drove,  .going  iiraight 
fefward  without  deviating  to  the  right  or  left,  ^mong  theie, 
hen  and  these,  one  of  the  ibldiers  was  to  be  iien,  ^^^ffing 
abng  with   them,    in  the   fame  manner,    neither   flopping 

oc 


or  turning-;  aiiB  as  Ke  carncid  hij  enormous  iar^  head  wittt-ap* 
parent  difficulty,  iic  put  me  in  mind  of  a  very  laijge  ox  anddft  a 
flock  of  (hecp.  While  thefe  were  buftling  along,  a  greatiifaaire 
{bWrers  were  to  be^J^en^read  about  on  both  fides  bftiiiitvroiinefl 
of  rtiairch;  "fome  a  ibot  or  ttvo*  diftant,  (landing  ftiU;  or  fandter- 
ing  about  as  if  upon  the  look  out  leafl  fome  enemy  ihoiold  fud* 
denly  come  ifpdn  the  labourer tf.  But  the .  moft  *  extraordinary 
part  of  this  march  was  the  donduft  of  fame  others :  of;  Itftefbl- 
3iers,-  wHo^havirt^ ^mounted  the  plants  Ti^ibh  grow :thinl)rhfcre 
andfhfere  in  thfe  thidk  (hade,  had  placfed  themfelres  upon  the 

*  *  * 

points  of  the  leaves,  which  were  elevated  ten  or  fifteen  inches 
above  the  ground^  and  huQg  over  the  army  marching  faelow; 
Every  noDlr^ Ad  thenone  or  other  of  them  beat  with  hb  forceps 
iipon  the  leaf,  and^made  the  fame  (brt  of  ticking  noife  .nd^icfa J 
had  fo  frequently  obferved  to  be  made  by  the  foldier  who.afts 
the  part  of  a  furveyof  or  fuper^intendant  when  the  labourers 
are 'at  work  repairing  a  bt^dch  made  in  one  of  the  conmion  hills 
of  the  Tetmitis  hellidofi.  This  ^fignal  among' 'the  matching 
white  'Ants  produced  a  fimilar  effect;  for,  whenever  it  was 
niade,  the  whole  army  returned  a  hifs,  and  obeyed  the  fighal 
by  increafing  their  pace  vnt\x  the  utmoft  hufry.  The  fbldiers 
Who  had  mounted  aloft,  and  gave  thefe  ^gnals^  Requite  ftill 
during  the  intervals  (except  makiiig  now  arid  then  a  (Hght  turn 
of  the  head)  and  feemed  as  fblicitous  to  keep  their  poft&as  regular 
centineh.  The  two  columns  of  the  anny  joined  into  one  about 
twelve  or  fifteen  paces  from  their  feparation,  havingin  no  part 
been  above  three  yards  afunder,  and  Uien  defcended'irito  the  jearltb 
by  two  or  three  holes.  They  continued  marching  by  roe  for  above 
an  hour  that Iftood  admiring  them,  and  feemed  neither  to  increafe 
or  diminifh  their  numbers,  the  fbldiers   only  excepted,    who 
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qifitted  the-Iia£  of,  fparc^,  and  placqd  themfelv^  at  dif&re^t 
dUlances  on  each  fidcof  the  two'columns;  for  they  appeared 
qauch  more  .numerous,  before  I  quitted  the  ipot.  '  Not  expe£i- 
ing,  tOjrige  iv^y  !;Jiange.  ^^  thpir  march,  and  being  pinched, for 
time,  the  tide  being -nearly. up,,  and  our  depaijture  fixed  at 
high  water,  I  quitted  the  fcene  wi^  fome  regret,'"  as  the  obfer- 
vadon  of  a  day  or  two  might  hape  a&vded  me  the  opportunity 
of  exploring  the  reafon  and  neceiCty  of  their  marching  with 
fuch  expedition,  as  well  as  of  difcovering  their  chief  fettlement, 
which  is  probably  built  in  the  fame  manner  as  the  large  hills 
before  defcribed.  If  lb,  it  may  be  larger  and  more  curious,  as 
theie  infeds  were  at  leaft  one-third  larger  than  the  other  fpecies, , 
and  confequen  tnderful  if 

polfible :  thus  ixed  place 

for  their  king  i  thefe  ipe- 

des  I  have  not : 

The  oeconou  in  a  com- 

parative obfervi  calculated ' 

to  live  under  g  bis  fpecies- 

which  marchei  brmer,  in- 

the  two  firft  fta  »  have  no 

eyes  that  I  could  ever  difcover ;  but  when  they  arrive  at  the 
winged  or  perfefi  ftate  in  which  they  are  to  appear  abroad, . 
though  only  for  a  few  hours,^  and  that  chiefiy  in  the  night, 
they  are  furniOied  with  two  coufpicuous  and  fine  eyes : : 
fo  the  Termes  viarum,  or  marching  Bugga  Bugs,  being  in- 
tended to  walk  in  the  open  air  and  light,  are  even  in  the  firft 
fiate  fiirniihed  with  eyes  proportionably  as  fine  as  thofe 
which  are  given  to  the  winged  or  perfect  infects  of  the 
other  fpecies. 
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With  which  they  werecftopped  up^  has  been  in  part  or  wholly  picked  oitt 

with  a  fnall  idfhrunfent)  p*  187. 
Fig.  5.  A  nurfcry,  p.  153. 
Fig.  6,  A  little  nurfery,    with  the  eggs,  the  yoong  ones,  the  mufliroomS| 

mouldinefs,  &c.  as  juft  taken  from  the  hill,  p.  ISJ. 
Fig.  7*  The  muihrooms  magnified  by  a  ftroo^  ^^^'>  P«  '54« 

Tab.  IX.  fig.  I.  and  2.  The  turret  A^fts,  with  roofs  of  the  Termes  mordax 

and  m  Termes  atrox  as  finifhed,  p.  159. 
Fig.  3.  A  turret,  with  the  roof  b^n.. 
Tig.  4.  A  turret,  raifed  only  about  half  its  height. 
i**ig.  5.  A  turret,  building  upon  one  which  hadbeen  thrgwndown,  p.  i6o« 
Fig.  6.  6.  A  turret,  broken  in  two. 

Tab.  X.  fig.  I.  A  Termes  bellicofus,  p.  141.  numb.  x.  and  p.  165. 

Fig.  2.  A  KING.     N.  B.  A  kin^  never  alters  his  form  after  he  lofcs  his  wings^ 

neither  does  he  apparently  mcreafe  in  bulk* 
Fig.  3.  A  quEEN,  p.  170. 
Fig.  4*  The  head  of  a  perfeft  infed  magnified. 
Fig.  5.  A- face,  with  ftemmata  magnified,  p,  141.  numb.  t. 
Fig,  6.  A  labo««^«'#  p-  «^3* 
Fig.  7*  A  labourer  magnified. 
Fig.  8.  A  foldier,  jp.  164. 

Fig.  9.  A  foldi  r's  forceps  and  part  of  his  head  magnified,  p.  164. 
Fig.  10.  The  Termes  mordax,  p«  141.  numb.  2*  and  p.  i6i. 
Fig.  I  f .  The  filce  with  the  ftemmata  magnified,  p.  141,  numb«  2. 
Fig.  12.  A  labourer. 
Fig*  13.  A  foldier. 

Fig.  14.  The  Termes  atrox,  p.  141.  numb.  3.  and  p.  160. 
Fig.  15.  The  face  and  ftemmata  magnified,  p.  141.  numb.  3^ 
Fig.  16.  A  labourer. 
Fig.  17.  A  foldier. 
Fig.  18.  Idem. 

Fig.  19.  The  Termes  deftmdor,  p»  141.  numb.  4^ 
Fig.  20.  The  face  and  ftemmata  magnified,  p.  141,  numb.  4. 
Fig.  21.  The  Termes  arborum,  p.  .141.  numb.  5.  and  p.  162. 
Fig.  22.  The  face  and  flemmau  magoified,  p.  14X.  numb.  5, 
Fig.  23.  A  labourer. 
Fig.  24.  A  foldier. 

Fig.  25.    h  qUEEF/,   p.  172. 

N.  B.  In  the  figures  5,  11.  15.  2a  and  2t»  the  two  white  fbots  between 
the  edges  are  the  ftemmata. 


Pkatt.Trmiu.via.Lxxz.itir,:<nn.p.tgt. 


v 


/»iiHj>wu.  mzrxz.TOiX-p.it*. 


^ 


»  8 

,6  "         ,• 


"  ,"1    "~ 


t    ^9B    J 


*i^^^' 


•     I 


Xn.  jfn  jtccouni  of  feveral  Earthquakes  feit  in  Wales.  By 
Thomas  Pennant,  Efq.  F.  R,  S.  in  a  Letter  to  Sir  Jofeph 
Banks,  P.  R.  S. 


Read  Januaiy  25,  1781, 

DEAR    SIR,  Domittg^ 

Dec.  II,  i78f« 

IT  is  very  fingular,  that  in  three  days  after  my  return  homa 
I  fhould  be  reminded  of  niy  promife  by  a  repetition  of  the 
very  phenomenon  on  which  I  had  engaged  to  write  to  you : 
for  on  Saturday  laft,  between  four  and  five  in  the  evening,  we 
were  alarmed  with  two  fhocks  of  an  earthquake ;  a  flight  one^ 
immediately  followed  by  another  very  violent.  It  ieemed  to 
come  from  the  north-eaft,  and  was  preceded  by  the  ufual  noife ; 
at  prefent  I  cannot  trace  it  farther  than  Holywell* 

The  earthquake  preceding  this  was  on  the  29th  of  Au- 
guft  lad,  about  a  quarter  before  nine  in  the  morning.  I 
was  fore-warned  of  it  by  a  rumbling  noife  not  unlike  the 
coming  of  a  great  waggon  into  my  court-yard.  Two  (hocks 
immediately  followed,  which  were  ftrong  enou^  to  terrify  us. 
They  came  from  the  north-wefl ;  were  felt  in  Anglefea,  at  Caer- 
narvon, Llanrwfl,  in  the  ifle  of  Clwyd  fbuth  of  Denbigh,  at 
this  houfe,  and  in  Holywell;  but  I  could  not  difcover  that 
their  force  extended  any  farther. 

The  next  In  this  retrograde  way  of  enumerating  thefe  phe- 
nomena was  on  the  8th* of  September  1775,  about  a  quarter 
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194       ^^^  pennant's  Account  ofjcveral  Earthquakes. 
before  ten  at  night,  the  noife  was  fuch  as  preceded  the  former ; 
and  the  (hock  fo  violent  as  to  (hake  the  bottles  and  glailes  on 
thp  table  round  which  myfolf  ajjd  fom'e  company  ^rei  (itting^ 

iThis  fecmed  to  conje  from  the  eafif.  I  lee  in  the*  Gentleman's 
M^gajrine  of  that  year,  that  tliis*(hock  extended  to.Shrop(hire, 
and  quite  to  Bath,  and  to  Swanfea  in  South  Wales, 

The  earlieft  earthquake  I  remember  here  was  on  the  i  oth  of 
April  1 750.  It  has  the  honour  of  being  recorded  in  thePhilo* 
fophical  Tranfaftiofi^,^  therrfdrfe  1  (kail  not  trouble  you  with 
the  repetition  of  what  I  have  faid. 

Permit -me  to  obferve,  that  I  live  near  a  paineral  country,  in 
a  (ibijation  between  lead  miz-^s  and  coal  mines;  in  a  (brt  of 
neutraf  traa^'^-aboiit  aiTiUedi^^^^^  the  fiffl, 'and  hatf  a 

mile  from  ^he-IarfV  On  the  ftriAeft  inquiry  T  cannot  difcbvef 
that  the  miners  or  colliers  were  ever  lenfible  of  the  Shocks 
under  proiind  :  nor  have  they  ever  perceived,  when  the  (hocks 
in  bueftfonnaVc 'happened,  any  falls  o"f  the 'loofe'and  flxtitterjr 
ftirata*,'  .iii*.  \vh;ch'  ^the  laft  efpecially  work  ;  yet,  at  the  fame 
time,'  ttie  eartnquakes  have  had  violence  fufficient  to  terrify 
the  inhabitants  of  the  furface*  Neither  were  thefe  local;  for, 
except!  11  g  the  firft,  all  may  be  traced  to  very  remote  parts.  The 
wearhfr  was  remarkably  ftill  at  the  time  of  every  earthquake 
I  have  felt. 

I  remain,  with  true  regard,  &e.. 


^   \\'\:i  >^*P5c  .3u;i/-  T  •  N     '\ 


. 


I 

i       t 


9 

Xin.  Extras  of  a  Let fer  from  the  Right;  Honourable  VWi^ 
Earl  Stanhope,  F.  R.  S.  to  iWr,  Tames 'cfow,  pAjbr^of 
Philofopby  in  the  Utfwerjity  of  Qlai^ow.     Dated  Chevening, 

.  February  i6,.  1777.,  ;    .'  ,        ; 
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Read  June  1 0|  i78o» 


I  HAVE  lately  made  fbme  curious  obfervations  concerning 
the  roots  of  adfeded  equations,  part  of  which  have  oc- 
curred to  Meflieurs  daniel  Bernoulli,  euler,  de  la 
grange,  LAMBERT,  and  others ;  but  fbme  of  them,  I  be- 
lieve, are  quite  new.  I  will  give  you  one  inftance  of  a  qua- 
dratic equation,  as  the  fimpleft. 

Let  the  quadratic  equation  i  i>r*  -  15X+  5  =  o,  be  propofed. 
I  fay  then,  that  if  two  recurring  feries  be  formed  from  the 

fra£lions  '^i  >  -4 — ^,  which  have  a  common  denomi- 

nator,  and  each  feries  of  co-efficients,  continued  both  ways 
(that  is,  as  well  before,  as  after  the  firft  term)  the  fraftions 
formed  by  dividing  each  term  of  the  firft  feries  by  the  cor- 
refponding  term  of  the  fecond  feries,  viz. 

#       —II     +7     —4     +3     — I     — 3     ^     »    I    3       4       7      II     18     29  ^ 
-14     +9-5+4-1-43*15       7      **    '9     3^     S^ 

will  converge  inthefimpleft  manner  poflible;  thofe  before  the  bar, 
in  a  retrograde  order  to  the  greater  root  ii 5  •  and  thofe  after 

the  bar,  in  a  dired  order  to  the  fmalleft  rootii^I^ — i ;  where  it  is  to 

C  c  «         .  be 


ip6  EarfsTAmson  on  a^t&ed E^uattens, 

beobferved,  that  the  greater  root  is  affirmative,  notwithftand- 
ing  the  figa  -  being  prefixed  to  ibme  of  the  terms,  becauie 
in  each  bzOatin  the  numerator  and  the  denominacorarea&ded 
by  the  ftme  fign,  whether  +  or  - . 

The  ch^f  improvement  I  have  made  confifts'in  approu- 
matihg  to  two  roots  at  once,  by  one  and  the  fame  leiies,  coa- 
tinmed  backwards  as  well  as.&i;wards.  Ihave  not  time  t»  en- 
large Bpon  thiis  fubjeft  at  prefent  \  but  the  Uttle  I  have  iaid 
will  be  a  rpecimea  o£  tlie  method,  to.  be  uied  in.  hij^ 
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Xnr.  Extras  ofTvoo  MetMrohgicat  Jmrnah  tf  the  Weather  o^- 

Jerved  at  Nain  in  57"  North  Latitude^  and  at  Okak  in  57"  20' 

North  Latitude^  both  on  the.  Coaft  of  Labradors.    Comtmmi* 


Read  Nfeurch  8,  178^1; 


THERMOMETER  AT  OKAX. 


1779. 

Higheft. 

^Loweft. 

Mean. 

Auguft 

78,0 

,  37»o 

Sa»o 

September 

74»o 

32,0 

45/> 

Oaobcr 

45A 

1 

11,0 

3a,  J 

November 

3^yO 

»S>o 

27.3 

December 
1780 
January 

3S.O 

12,0 
13,0 

«».7 
»S.3 

February 

33.0 

17,0 

»3.» 

March 

4S>o 

14,0 

10,0 

April 

S7.0 

9.0 

29.5 

May 

550 

a3:0 

39.0 

June 

68,0 

33.0 

43'6     1 

July 

84,0 

*  38.0     1 

^^»°.    . 

Tlier- 


l^z 


Journal  cf  tSe  W^fftbefat  Nain,  &c. 


Thermometer  at  Nain.  1 

Barometer  at  J 

Nain. 

1778 

Higheft 

Loweft 

Mean. 

Higheft. 

Loweft. 

Mean. 

September 

68,0 

35.0 

45,3 

28,41 

27,10  ■ 

0         *    '     ^ 

28,1,3 

OSobcf 

60,0 

i5»«> 

35,1 

2S,8  ' 

■27,4     ■ 

*2S;2,0^  . 

November' 

*37,o 

""J.o 

25,4 

28,8 

■   27,3  . 

'  2«,0,2  • 

December 

a8,o 

30>o 

«>9 

18,7    • 

i7;2-  • 

*8,2J4 

1779  ' 

January 

i3»o 

29,0 

H,3 

28,8 

26,11 

28,1,4 

February 

»3.o 

3:V^. 

<|I3>2 

•  *8,5i 

27,5 

27,9.9 

March 

29»o 

20,0' 

5,0 

28,7 

27,5 

28,2,8 

April 

0                            m 

,   ^f° 

47,7        ; 

28.6i  , 

^7»3i 

28,1,9 

May 

63,0 

22,0 

'  34,9 

a8,7i 

27,9^ 

a8,2,o 

June 

Ifo 

3i2,0 

4a,2 

f.3  : 

.'27,f 

28,2,5 

July 

7K.^  ' 

3P,o 

48,2 

2i8,-5 

■  'i%1 

28,1,9 

Auguft 

7)8,0 

3P.O 

1        •% 

^2,0 

2«.5 

27,8 

28,1,5 

September 

7|*.o 

3)5,0 

4i5.4 

• 

^,6 

• 

27,k 

28,1,4 

Oaobcr 

t'°-  ^ 

»|4-,o 

33,6 

f,6 

27,U 

28,2,5 

November 

1 

»,o 

t'3. 

f  ,5    . 

27,1 

28,6,1 

December 
1780 

32.0 

ip,o 

1 

f.3i' 

1 

27.Fi 

28,3,0 

January 

■5,0 

16,0 

2?,  2  , 

1 

26,$ 

27,6,8 

February 

3p»o 

^,0' 

p>7 

28,s| 

26,10 

27,9.5 

March 

3b>o 

71,0 

ip,o 

2JB,8. 

27>i 

28,1,9 

April 

-IJS'O 

i^o 

28,2 

zfe.Si 

^M  ' 

.28,3,7 

May 

5i3.o   • 

23,0 

.37,6 

2B,6f 

27.9 

28,3,1 

June 

61,0 

32,0 

43.1 

28,3 

26,  jl 

27,5 

28,0,5 

July 

84,0. 

39,0 

52,2 

28,  If 

28,1,3 

AuGJlift 

70,0 

370 

50,4 

28,3i 

27,5 

28,1,0 
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METEOROLOGICAL     JOURNAL 

for  January  1 780. 


1 

TiflK. 

Thom. 

Thonn. 

without 

within. 

HJ 

M. 

Jan.    i 

8 

0 

27,0 

33.0 

2 

0 

3».o 

34»o  . 

2 

8 

0 

32,0  • 

33.0 

2 

0 

36,0 

3S.O 

3 

8 

0 

41  »o 

37,0 

2 

0 

43iS 

38.S 

4 

8 

0 

3S.O 

38,0 

2 

0 

39.0 

39.S 

:S 

8 

0 

.3't'o 

36,0 

2 

0 

36,0 

37.S 

6 

8 

0 

33.5 

3SiO 

2 

0 

37.S 

36,5 

7 

«' 

0 

36,0 

36,5 

2 

0 

36.S 

38.S 

^ 

8 

0 

26,0 

33.0 

2 

0 

30.S 

35*5 

9 

8 

0 

aa.S 

3o»o 

2 

0 

29.5 

3'iO 

10 

8 

0 

29,0 

30.0 

2 

0 

33.^ 

3'.S 

II 

8 

0 

25.0 

29>5 

2 

0 

32,0 

3».S 

12 

8 

0 

24^5 

29»5 

2^ 

0 

29,0 

30.0 

»3 

8 

0 

20,0 

27,0 

2 

0 

27.0 

28,0 

H 

8 

0 

20,0 

25.0 

2 

0 

30>o 

28.0 

15 

8 

0 

ai.S 

24.S 

2 

0 

33.0 

27.5 

16 

8 

0 

40,0 

32,0 

2 

0 

47.0 

365   1 

BuoiD.ilLaia. 


Inches. 


^44 

130>»7 

3<5»35 
30,16 

3009 

30,08 

30,26 

30.34 

3<*»30 
30,28 

30,00 

29,98 

30.  H 
30,20 

30.*  5 

30»°4 

*9.95 
29,88 

29,67 

29>59 
29,58 

29,65 

29,61 

29,67 

29,94 

29,89 

29,81 

29,89 

29.45 
29,27 

28,70 
28,59 


Inch. 


Wiodt. 


Points. 


I 


0,185 


NE 

SE 

SE 

SE 

SE 

SE 
Nby  W 

N£ 

WNW 

NW 

W 

sw 

ENE 

NE 

NE 

NE. 

NE 
E. 
NbyE 

NE 

SW 
NNW 

NW 

NW 
NbyE 

NE 

NE 

NE 

NE 

NE 

SW 

SW 


Str. 


Weadier. 


2 
2 


Foggy  and  frofty. 
F<^y. 

Foggy- 
Foggy. 

Foggy. 

Foegy  and  doadj. 

Fair. 

Fine. 

Fair. 

Fine. 

Ooody. 

Foggy  and  rain. 

Clouay. 

Fine. 

Fair  and  frofty. 

Frofty. 

Frofty. 

Fine. 

Cloudy. 

Cloudy  and  fnovr. 

Cloudy. 

Foggy  and  fnow. 

Fafr  and  frofty. 

Fine. 

Fair  and  frofty. 

Fair  and  frofty. 

Fair  and  frofty. 

Fine. 

Kair  and  frofty. 

Foggy. 

Fair. 

I  Rainy.    
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for  January  1780. 

Time. 

Therm. 

Therm. 

Barom.lRain. 

Winds. - 

without 

within. 

Weather. 

H.M. 

Inches. 

Inch. 

Points. 

Str. 

Jan.  .17 

8 

0 

40,0 

37,0 

28,73 

0,035 

SW 

Cloudy. 

2 

0 

46,0 

40,5 

28,74 

Why  N 

Fine, 

i8 

8 

0 

36,5 

38.0 

28,92 

0,042 

NE 

Cloudy. 

2 

0 

41,0 

39.5 

28,97 

SW 

Cloudy. 

»9 

8 

0 

37,0 

39.0 

29.  H 

0,214 

NE 

Cloudy. 

2 

0 

40,0 

37.5 

29,28 

NE 

Cloudy. 

20 

8 

0 

34.0 

38,0 

29>37 

0,150 

NbyE 

Rain. 

2 

0 

35.5 

39.0 

29*43 

NE 

2 

Rainy. 

21 

8 

0 

33.0 

37.0 

29»77 

0,066 

NbyE 

2 

Fair. 

2 

0 

36.5 

38,5 

29,86 

\ 

NbyE 

2 

Fine. 

22 

8 

0 

25.0 

33^0 

30,00 

NbyW 

Fair  and  frofty. 

2 

0 

32>o 

35.0 

30,00 

NbyE 

Fine. 

23 

8 

0 

24,0 

31.0 

30,00 

NE 

Fair  and  frofty. 

2 

0 

28,0 

32.5 

30.05 

NE 

Koggy. 

24 

8 

0 

a6,S 

3'.o 

30,01 

NW 

Fair  and  frofty. 

2 

0 

34»o 

32.5 

29.99 

NE 

Fine. 

2J 

8 

0 

29,0 

30.0 

30,12 

NbyE 

Fair  and  frofty. 

2 

0 

35.5 

33»5 

30.06 

NbyE 

Snow. 

26 

8 

0 

3».o 

3».o 

29.95 

NbyE 

Cloudy. 

2 

0 

34.5 

32,5 

29.95 

NbyE 

Cloudy  and  fnow. 

27 

8 

0 

28,0 

32.0 

29,90 

N 

Cloudy  with  Inow. 

2 

0 

31.0 

32.5 

29.92 

N 

Cloudy  and  fnow. 

28 

8 

0 

30,0 

32.5 

29,92 

Eby  N 

Cloudy. 

2 

0 

32.5 

34.0 

29,90 

Eby  N 
ENE 

CloU'^y. 

29 

8 

0 

3».5 

32,0 

29,80 

Cloudy. 

2 

0 

35.0 

34,5 

29.74 

ENE 

Cloudy. 

30 

8 

0 

29,0 

3>.o 

29,66 

NE 

2 

Cloudy. 

2 

0 

30.0 

32.0 

29,66 

NE 

2 

Cloudy. 

3' 

8 

0 

30.5 

3».o 

29.74 

Eby  S 

2 

Cloudy. 

2 

0 

34.0 

33,0  129,71   1          1  ENE  1 

2 

Cloudy, 
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METEOROLOGICAL     JO  URN  AL 

for  February  1780. 

I'lnic. 

Therm. 

I'bcrm.lBaroin. 

Rata. 

Winds. 

without 

within. 1 

m 

1  nch. 

Weather. 

H.M. 

$ 

Inches. 

Points. 

Str. 

Feb.  I 

8 

0 

30»5 

32,0 

29,65 

NE 

2 

Cloudy. 

2 

0 

32,0 

33»o 

29,62 

NE 

Cloudy; 

2 

8 

0 

28,5 

3»»o 

29,48 

NbyE 

Fair. 

2 

0 

33.S 

34,5 

29,47 

NE 

Fair. 

3 

8 

0 

3»>5 

32.5 

29,57 

NW 

Fair. 

•/ 

2 

0 

36,5 

34,5 

29,69 

NW 

Cloudy. 

4 

8 

0 

29,0 

33.0 

29,74 

SW 

Fair. 

2 

0 

38»5 

35.5 

29,68 

Sby  W 

Fine. 

5 

8 

0 

30»5 

33^° 

29,43 

NE 

Fine. 

2 

0 

iS>^- 

35.0 

29,41 

SE 

Fine. 

6 

8 

0 

33>o 

34.0 

29,08 

0,210 

NE 

Rainy. 

2 

0 

3^5 

35.0 

29,11 

WSW 

Rainy  and  foggy. 

7 

8 

0 

34.0 

36,0 

29,48 

0,034 

NW 

Fair. 

f 

2 

o 

38.  S 

38.0 

29,68 

NW 

Fine. 

8 

8 

0 

36.0 

29,89 

0,022 

SE 

W" 

Fair. 

' 

2 

0 

41,0 

48,0 

29,92 

SE 

Fine. 

9 

8 

0 

43>o 

39.0 

30,00 

0,270 

Sby  W 

Cloudy. 

• 

2 

0 

S^^S 

42,0 

30,08 

SbyE 

Cloudy. 

lO 

8 

0 

45,5 

44,5 

30,22 

0,01s 

SW 

Cbudy. 

2 

0 

51,5 

46,5 

30,24 

SW 

Cloudy. 

II 

8 

0 

40,0 

45,5 

30,41 

NE 

Cloudy. 

2 

0 

44.0 

45,5 

30,45 

ENE 

Fine, 

12 

8 

0 

36.5 

42,0 

30,47 

NE 

Cloudy. 

2 

0 

41.0 

43,0 

30,47 

ENE 

Cloudy. 

^3 

8 

0 

37,0 

40,5 

30,48 

■   NE 

Fair. 

•^ 

2 

0 

4»,5 

42,0 

3052 

NE 

Fair. 

14 

8 

0 

34,0 

39,5 

30.50 

• 

NbyW 

Cloudy. 

2 

0 

43»o 

4',5 

30,46 

N  by  W 

Cloudy. 

15 

8 

0 

3S'5 

39,5 

30,40 

N  by  W 

Fair. 

2 

0 

40,0 

40,0 

30,39 

N  by  W 

Cloudy. 

16 

8 

0 

37.0 

39,0 

30,08 

NW 

Fair. 

2 

0    4S,o   1 

42,0     30,00 

NW       1  JKair.                        1 

METB- 
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' 

f 

METEOROLOGICAL      JOURNAL 

for  February  1 780. 

r 

ITimc. 

Therm. 

rherno. 

Baroin. 

Rain. 

Winds 

• 

1 

nrlthoui 

within. 

• 

* 

Weather; 

H.i 

M. 

- 

Inches. 

Inch. 

Points. 

Str. 

Feb.  17 

8 

0 

32,0  ■ 

38,0 

30,19 

SbvE 

Foggy. 

18 

2 
8 

0 
0 

38,5 
3S,o 

39,0 
38.5 

30,25 
30,06 

SE 
SW 

Foggy  and  cloudy. 

2 

0 

41,0 

41,0 

29,92 

SW 

Cloudy! 

19 

8 

0 

36.0 

40,5 

30,41 

0,030 

NE 

Fine. 

2 

0 

43,0 

42,0 

29,49 

W 

Fair. 

ao 

8 

0 

27^5 

37,0 

29,56 

NW 

Fine. 

- 

2 

0 

34.0 

37,0 

29.57 

NNW 

Snow. 

21 

8 

0 

27,5 

33.0 

29,72 

NW 

2 

Fair. 

2 

0 

36,0 

35,5 

29,78 

NW 

2 

Fine. 

22 

8 

0 

28,0 

32,5 

29,86 

NW 

2 

Fine. 

2 

0 

30,0 

37,5 

29,94 

NW 

Fine. 

23 

8 

0 

28,0 

32,5 

30,18 

NNW 

Fine. 

2 

0 

38.0 

35,0 

30,24 

NW 

Fine. 

24 

8 

0 

34,0 

34,0 

30,23 

SSW 

Cloudy. 

2 

0 

41,0 

36.0 

30,27 

SW 

Rainy. 

25 

8 

0 

41,0 

38,5 

30,06 

0,015 

SW 

2 

Cloudy. 

2 

0 

47,0 

49,0 

29,88 

SW 

2 

Cloudy., 

26 

8 

0 

26,5 

35,0 

29,83 

0,128 

NW 

3 

Fine. 

2 

0 

32,5 

35,5 

30,08 

NE 

3 

Fine. 

27 

8 

0 

34.0 

34,5' 

29,99 

SW 

2 

Snowy. 

2 

0 

42,0 

36,5 

29,82 

SSW 

I 

Cloudy. 

28 

8 

0 

42,0" 

40,0 

29,92 

0,034 

WSW 

I 

Cloudy. 

2 

0 

53,5 

44,5 

29,9s 

WSW 

2 

Fine. 

29 

8 

0 

46,0 

46,0 

29,91 

WbyS 

I 

Fair. 

2 

0 

50,0 

41,0 

30,03 

« 

SW 

I 

Fine. 

•* 
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METEOROLOGICAL    JOURNAL 

1 

for  March  1 780. 

Til 

ne. 

Therm. 

Therm. 

Barom. 

Rain. 

Winds. 

/ 

gi^ithout 

within. 

Weather. 

7 

M. 

0 

Inches. 

Inch. 

Points. 

Str. 

Mar.  I 

34.S 

43.0 

30,10 

WbyS 

Fair. 

2 

0 

47.0 

46,0 

30,09 

SW 

Fine. 

2 

7 

0 

45»^ 

45,5 

29,78 

SW 

Cloudy. 

2 

0 

SO>o 

41,0 

29,59 

SE 

Cloudy. 

. 

3 

7 

0 

39>o 
48,5 

45,0 

*9,74 

WNW 

Cloudy, 

a 

0 

48,5 

29,65 

NW 

Fine. 

4 

7 

0 

37.5 

43.0 

29,91 

SW 

I    Fair. 

2 

0 

50,5 

46,0 

30,05 

/- 

WbyN 

I    Fine. 

» 

5 

7 

0 

•47,0 

45>o 

30,17 

0,071 

wsw 

Fair. 

2 

0 

5S>o 

48,5 

30,25 

wsw 

Cloudy« 

6 

7 

0 

45>o 

47,5 

30*37 

SW 

Fine. 

J 

2 

0 

S6,o 

52,0 

30,4* 

SW 

Fine. 

7 

7 

0 

47,5 

5».o 

30.36 

SW 

Fair. 

2 

0 

S7>o 

53.0 

30,39 

SW 

Fine. 

8 

7 

0 

48,0 

ShO 

30,37 

SW 

Cloudy. 

2 

0 

54>o 

55.5 

30,35 

SW 

Fair. 

9 

7 

0 

44>S 

50,0 

30,13 

ssw 

Cloudy* 

2 

0 

SO>o 

ShS 

30,01 

SW 

Fine. 

10 

7 

0 

37>o 

46,0 

30>34 

WbyS 
SW 

Fair. 

3 

0 

50,0 

48,5 

30,45 

Fine. 

II 

7 

0 

35»o 

43,0 

30,39 

SE 

Fair. 

a 

0 

50,0 

47»o 

30.25 

SW 

Fine. 

12 

7 

0 

44iO 

45,0 

29,78 

Sby  W 

Cloudy. 

2 

0 

5^>o 

48,5 

29,79 

SSW 

Rainy. 

• 

»3 

7 

0 

35iO 

44,0 

30,16 

0,072 

SW 

Fine. 

2 

0 

S^o 

u47»5 

30,15 

SW 

Fine. 

t 

>4 

7 

0 

44,0 

47>o 

29,93 

SSW 

Fine. 

a 

0 

.S4iS 

.48,5 

29,82. 

SW 

2 

Fine. 

^ 

»5 

7 

2 

0 
a 

4S.O 
48,5 

49,0 
5o>«> 

29,52 
29,58 

0,046 

WbyN 
WNW 

2 
2 

Rainy. 
Fine. 

i6 

7 

0 

42,0 

46,0 

29,38 

0,227 

NW      I  IFine.                    | 

2 

0 

51,0      50,0   1 

29,67 

NW  1  X  IFine.                    | 

> 

/ 

% 

• 

METB* 
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METEOROLOGICAL      JOURNAL 

far  March  1 780. 


prime. 


Therm, 
without 


H.M. 


Mar.  1 7 
18 


21 
22 

23 
24 

25 
26 

27 

28 

29 

30 
31 


7 

2 

7 
2 

7 
2 

7 

2 

7 
2 

7 

2 

7 

2 

7 

2 

7 
2 

7 
2 

7 

2 

7 
2 

7 
51 

7 

2 

7 


o 
o 
o 
o 
a 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o4 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


Therm, 
within; 


38,0 

49>5 
50,0 

48,0 

40,0 

S4»o 
47,0 

59>o 
50,0 

58,0 
44>o 

37.0 

56,0 
3S.S 
ShS 
43.0 

56,0 
46,0 

ShS 
S«»5 
62,5 

56,0 

47.0 
5S.O 
ShS 

5S.O 
4S.O 
59»o 


36,0 
56,0 

S8>0 

SO>S 

49>S 

54»o 

Si»o 

54.0 
50,0 

ShS 

4S.O 
46,0 

43>S 
46,5 
45.5 
49>o 
47.0 
56.5 
51.5 
55.0 
54.0 
56,5 
5«»5 
54)5 
53.5 
55.5 
52.0 
53.5 


Baiom. 


Inches. 


29,99 
19,42 
29,67 

*9.43 

29.35 

29.47 
29,46 

29.95 
29,82 

29,78 

29,83 

29,92 

30,28 

30.27 

30.* » 
30,00 

29,8a 

29.97 

29.94 

29,94 
29,90 

29.85 
29,62 
29,61 

29.84 
29,82 

29,71 
29,69 

29,63 
2MI 


Raia. 


Inch. 


Windi. 


Points. 


0,360 
0,160 


0,112 


0,077 


0.054 


Str. 


NW 
NW 

NW 

NW 

NW 

NW 

NE 

NW 

NW 

NW 

NW 

SW 

NW 

SW 

EbyS 

EbyN 

SSE 

SE 

SbyE 

SSE 

SSE 

SW 

EbyN 

SW 

SbyW 

SbyW 

SSW 

SW 

SSW 

SW 


WetCher. 


Fine. 

Fine. 

Cloudy. 

Rainy. 

Fine. 

Fine. 

Cloudy  and  nun. 

Cloudy. 

Cloody.. 

Cloudy. 

Cloudy. 

Fine. 

Fine. 

Fine. 

Fair.. 

Fine.. 

Fine. 

Fine.. 

Fair. 

Fair. 

Fair. 

Fine.. 

Fair. 

Rainy*- 

Fair. 

Fain 

Fair. 

Sbomrjr  witli  fiuKihioe. 

Fine. 
Rainy. 


SS  X  T  E^ 
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Apr.    I 


M  E  T  E  O  ROLOGICAL      JOURNAL 

for  April  i78cx 


Time, 


Thernji. 
without 


H.M. 


5 
6 

7 
8 


10 

II 

12 

i6 


I 


7 

2 

7 

2 

7 

2 

7 

2 

7 

2 

7 

2 

7 

2 

7 

2 

7 

2 

7 

2 

7 

2 

7 

2 

7 

2 

7 

2 

7 

2 

7 

2 


O 
O 

O 
O 
O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


4D,0 

49>o 

44,o 

49»<5 

4«,5 
44,0 

34>o 

44.5 
3S.S 

3Si5 
34iO 

35.0 
46,5 

34.0 

46,5 
40,0 

47.S 

3S'S 
47.0 

4^>o 
46,0 

4a>o 

38,0 

37iO 
41,0 

46>S 
43»S 
ShS 

47>o 


Thercn. 
within. 


48.5 

50.0 
46,0 

49.5 

47,0 
42,0 

43.S 

40.S 
41,0 

39.0 

43.0 

3».o 
44,0 

39.0 

42,5 

39.0 

4i>S 
38,0 

41.5 
41,0 

49,0 

43>5 

47.0 

43.0 

44.S 
42,0 

44,5 

43>5 
46,0 

4S.O 
49>o 


S 


arom 


Inches. 


29,88 
29,87 

29,21 
28,81 
28,88 

29.36 

29.4.5 
29,48 

29,50 
29,68 

«9»82 
29,81 

29,72 

29,71 

29,80 

30,08 

30,12 

30.^7 
30,10 

29i77 

29»79 
29,50 

29,46 

29.57 
29,69 

29,72 

29*75 

29.75 

29*74 
29,62 

29.67. 


Rain* 


Inch. 


Winds. 


Points. 


0,324 

0,014 

0,333 
0,010 

0,016 

0,177 
0,010 


0,020 


0,050 
0,156 
0,250 
0,038 


Mr. 


0,035 


KhyE 

SSE 

SE 

SSE 

WSW 

NNW 

NNW 

NW 

SVV 

NNW 

NbyW 

NW 

NE 

SE 

NNE 

NbyW 

NNE 

ENE 

SE 

EbyN 

Sby  E 

SE 

NW 

WbyN 

NNE 

NNE 

NW 

NW 

WSW 

W  by  N 

NW 
WNW 


2 
2 
2 
2 
I 
I 
2 
2 


Wcathcn 


Fair. 

Fine. 

Cloudy, 

Rainy. 

Cloudy. 

Rainy. 

Fine. 

Fine. 

Fine. 

Snow. 

Fine. 

Fine. 

Fair. 

Fine. 

Fjnc. 

Fair. 

Fine. 

Fine. 

Fair* 

Fair. 

Rainy. 

Rainy. 

Fine. 

Cloudy. 

Fine. 

Rain. 

Fair. 

Fair. 

Cloudy. 

Cloudy. 

Fine. 

Fine. 
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METEOROLOGICAL      JOURNAL 

for  April  1780. 

Time. 

Therm. 

Therm. 

Baroin. 

Rain. 

Wind! 

i« 

without 

within. 

■ 

Weather. 

"^^ 

^»«^B^ 

H. 

M. 

Inches. 

Points. 

Str. 
3 

Apr.  17 

7 

0 

43.0 

46.S 

29.38 

0,080 

WNW 

Fine. 

2 

0 

49.0 

50.0 

29.37 

WNW 

3 

Fine. 

18 

7 

0 

41,5 

46,5 

29.50 

0,056 

SW 

2 

* 

Cloudy. 

■ 

2 

0 

485 

47.5 

29,46 

Wt»W 

2 

Showery. 

«9 

7 

G 

43.0 

44,0 

29,72 

0,050 

NbyE 

2 

Fine. 

2 

0 

S3.0 

48,0 

29,76 

NbyE 

2 

Fair. 

20 

7 

0 

•42,0 

44.S 

29)94 

0,030 

NW 

I 

Fine. 

'\ 

2 

0 

52,0 

48,0 

30.01 

NW 

I 

Fair. 

21 

7 

0 

47>S 

480 

29,91 

SSE 

I 

Fair. 

2 

0 

52,0 

50.0 

29.83 

SSVV 

2 

Showery.. 

22 

7 

0 

47,0 

50.0 

29.70 

0,109 

SW 

I 

Cloudy. 

2 

0 

58,0 

53  5 

29,71 

SW 

I 

Fine. 

23 

7 

0 

47.5 

50,0 

29.52 

0,031 

Sby  W 

I 

Fine. 

2 

0 

56,5 

54.0 

29.47 

SSW 

2 

Showery. 

a4 

7 

0 

46,5 

51.0 

29,46 

0,047 

WSW 

2 

Fine. 

2 

0 

54. 0 

53.5 

29.43 

SSE 

2 

Showery. 

as 

7 

0 

45:0 

50.5 

29.5 » 

0,053 

SbyE 

I 

Fine. 

2 

0 

56,5 

54.0 

29.46 

SSW 

I 

Fine.. 

26 

7 

0 

45.0 

49.0 

29,46 

0,391 

NW 

2 

Fine. 

2 

0 

58,0 

53.5 

•29.74 

NW 

2 

Fine.. 

a? 

7 

0 

50.0 

50,5 

29.50 

0,210 

SSW 

I 

Rainy, 

2 

0 

56,0 

54.0 

29.44 

SSW 

I 

Rainy. 

2& 

7 

0 

54,5 

55.0 

29,83 

0,183 

SW 

X 

Cloudy. 

2 

0 

6o,s 

59.5 

29.85 

SW 

X 

Rainy. 

29 

7 

0 

53.0 

56.0 

29,66 

0,066 

SW 

I 

Cloudy.. 

n 

«» 

0 

65»5 

<JO,5 

29,66 

SW 

I 

Fine. 

30 

7 

0 

•55>o 

s8,o 

29,71 

SSW 

_ 

I 

Cloudy. 

2 

0 

.  61,0 

65,0 

29>73 

SbvW| 

I 

Kine. 
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f 

JilETEORO  LOGICAL    JOURNAL 

- 

• 

for  May  1780. 

Timc.|Therin.|Therm. 

Barom. 

Kain. 

Wind*. 

without 

within. 

• 

Weather 

■1 

H.M. 

% 

t 

Inches. 

[nch. 

Points. 

Str. 

May  I 

7 

0 

S3>o 

58.0 

29,76 

0,067 

SSW 

1 

Cloudjr. 

2 

0 

65,0 

62,0 

29.79 

SW 

I 

Fine. 

,           2 

7 

0 

S2>0 

56,0 

29.85 

0,243 

Nby  W 

I 

Cloudy. 

a 

0 

S9.S 

■59.0 

30.04 

NW 

1 

Fine. 

• 

3 

7 

0 

45  S 

5«.o 

30,26 

EbyS 

1 

Cloudy. 

2 

0 

S7,o 

55.0 

30*26 

•  SE 

I 

Fine. 

4 

7 

0 

48,0 

525 

30. » 8 

WSW 

1 

Cloudy, 

2 

0 

64*0 

56,5 

30.16 

SW 

1 

Fine. 

5 

7 

0 

S3.0 

55.0 

29.92 

SW 

1 

Cloudy, 

• 

2 

0 

59.5 

58,0 

29,88 

SW 

I 

Cloudy. 

6 

7 

0 

52.5 

55.0 

29,88 

WSW 

2  . 

Fine. 

2 

0 

60,0 

58,5 

29,90 

■ 

WbyN 

2 

Cloudy. 

7 

7 

0 

53.0 

55.0 

29.94 

WbyS 
SW 

I 

Cloudy. 

a 

0 

63.5 

59.5 

29,94 

I 

Fair. 

8 

7 

0 

52,0 

57.0 

29,72 

0,032 

SW 

I 

Rainy. 

2 

0 

55>o 

57.5 

29,58 

Sby  W 

2 

Rainy. 

9 

7 

0 

540 

55.0 

29,67 

0,091 

SW 

I 

Fine. 

2 

0 

57,0 

58.5 

29.64  ' 

SW 

2 

Rainy. 

10 

7 

0 

53'0 

54,5 

29.38 

0,200 

SW 

2 

rine. 

2 

0 

59.0 

58,5 

2951 

SW 

2 

Cloudy. 

II 

7 

0 

530 

57^5 

29  72 

SW 

2 

tine. 

2 

0 

5B,o 

59.0 

29  88 

SW, 

2 

Rainy. 

12 

7 

0 

50,0 

57,0 

29.98 

SSW 

Fine. 

2 

0 

64/j 

60,0 

29,98 

SW 

hme. 

*3 

7 

0 

53.0 

55.0 

29.75 

0,104 

SW 

rair. 

2 

0 

63,0 

60,5 

2973 

SW 

2 

Fine. 

H 

7 

0 

5>.S 

57.0 

29,78 

WbyS 

Fine. 

1 

2 

0 

57,0 

58.5 

29.71 

S>W 

Fine. 

»5 

7 

0 

50.0 

55.0 

29,82 

0,015 

NW 

Fine. 

2 

0 

33.0 

685 

29,94 

NW 

Fine. 

16 

7 

0 

54.5 

56,5 

30,12 

NW 

I     Fine. 

2 

0 

66,0 

61,0 

30,18 

SW       1  iFinf. 
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METEOROLOGICAL.    J.OtfUNAL 

t 

1 

.  for  May  1 780. 

Time. 

Therm. 

Thcrni.f  Barom.  (Rain. 

Winds. 

• 

without 

within. 

( 

« 

Weather. 

H.M. 

Inches. 

Inch* 

Points 

Str. 

Vlayi; 

7     0 

S^»S 

61,0 

3°.»4 

SW 

f'air. 

2     0    68,0 

63.5 

30.  »5 

SW 

Fine. 

18 

7    0   54>5 

60,0 

30.  »5 

NW 

Fine, 

2    0 

67,0 

62,5 

30.«7 

NW 

Fine. 

»9 

7    0 

57.5 

61.5 

29,92 

SW 

Cloudy. 

2    0 

66,0 

62,0 

29,90 

SW 

Fair. 

20 

7    0 

46.5 

61,0 

30,25 

NW 

Fair. 

2    0 

61,0 

58.S 

30,26 

. 

NW 

V 

Fine.      . 

21' 

7    0 

57,0 

53.5 

29.49 

1    §E. 

Fair. 

ft    0 

67,0 

61,0 

30,01 

SW 

I 

Fine. 

22 

7    0 

56,0 

58.0 

29,61 

0,027 

SSW 

Rainy. 

2.   0 

65,0 

61,0 

29,60 

SW 

1      _^ 

rair. 

23 

7    0 

55.5 

.58,5 

2(9.67 

'SW 

Cloudy. 

2      0 

63.0. 

65,0 

49.72 

f 

SW 

)  * 

Fine. 

24 

7     0 

53.0- 

58,5    ai9,73 

0,0X1 

NW 

Fair.                       { 

2     0 

f>3.5 

60,5 

30.23 

S£ 

Fair.                        ; 

as 

7    0 

57.0 
66,5 

59.5 

3P.2I 

SW 

Cloudy. 

2    0 

61.5 

30.12 

k 

SW 

Fine.                      ' 

36 

7    0 

58.0 

61,5 

30,14 

0,018 

SW 

Rainy. 

2    0 

70,0 

65,0 

30.  H 

. 

SW 

Fine. 

a? 

7    0 

6o,s 

64,0 

30.28 

SW 

• 

Fine.                       ^ 

2    0 

7^.5 

70,0 

30,22 

1 
1 

SW 

T 

Fine.                       ^ 

28 

7    0 

68,0 

66,5 

30.17 

t 

SSW 

Fine.,                      ♦ 

2    0 

78.5 

72.5 

30,18 

SW 

Fine. 

29 

7    0 

68,0 

71,0 

30,06 

SE 

Fine.                      \ 

2    0 

84,5 

74.5 

30.00 

SSW 

Fine.      .    i 

3« 

7    0 

65,0 

67,0 

29.98 

SW 

Fair.                       1 

2    0 

71.5 

7I.O 

30,01 

NW 

Fine.          1 

3>. 

7    0   56,0. 
2    c|  66  0 

59.0 

30,06 

0,024 

NE 

Fair. 

1 

■66,0 

30,14 

NE 

I 

Fine.          1 

Vol 

.'Lx: 

n. 

£  e 

METE- 

-t  "°  '] 


METSOROLO-GICAL    JOURNAL 

-for  June  1780. 

rime. 

Therm 
without 

rhcFHl 

within. 

Binun. 

Rain. 

Wilds. 

Wither. 

1.  M. 

fncfaes. 

Inch. 

•Points. 

Sir. 

(une    I 

7     0 

60,0 

61,0 

3°.OS 

tbyiN 

Fine. 

2    0 

70.5 

f>S,o 

>9,98 

.  EN-E. 

Fint. 

a 

7     » 

66,5 

67,0 

19.93 

SW 

Finn. 

a    0 

85.0' 

lU 

2 

sw 

Fine. 

3 

70 

65,0 

1 

NE 

Cloudy. 

2    0 

71,0 

72,0 

a 

NE 

Fine. 

4 

7    0 

S9»0' 

65,o  . 

3 

NE 

Fine. 

2    0 

64,0/ 

;  66,0 

3 

NE 

Fair. 

S 

7    0 

48,5- 

'S7.0 

2, 

0.023 

m 

Cloudr. 

2    0 

ss.s 

S9.° 

21 

NW 

Cloudy. 

6 

7     P 

49.0  ■ 

55.0 

2' 

0,010 

NE 

Qoudy. 

2    0 

61,0. 

58.0 

29,99 

NE 

a 

Cloudy. 

7 

7.  0 

52,0 

|i:o 

30,01 

31 

Fair. 

2    0 

60,0 

30,02 

Fai*. 

8 

7     *> 

48,0 

56,0 

29.99 

HW 

1 

Fine, 

2    0 

59.°' 

57.0 

30,09 

'Hw 

Fine. 

9 

7-  0 

60.0 

56.5 

29.94 

NW 

Fine. 

2    0 

6».5 

60,0 

'9.94 

NW. 

Cloudy. 

10 

7    0 

6i,o- 

59.° 

29.80 

0,Dl8 

SW 

Fine. 

2    0 

66,0 

'  63,0  ■ 

29,83 

SW 

Fair. 

11 

7     0 

62,0: 

.62,5  ■ 

29.94 

NW 

Fine, 

2    0 

70,0. 

65,6' 

29,90 

WbyN 

Fine. 

12 

7    ° 

59,0 

63.5 

30,04 

1    - 

E}<E 

Clondy. 

2    0 

65,0. 

65.0 

30,09, 

NE 

Cloudy. 

»3 

7     0 

S9.° 

62,0 

30,03 
29.98 

SW 

Fine. 

2    0 

72,0 

69.S 

S>V 

Fine. 

;       >4 

7    0 

SS.S 

6.,5 

29,81 

SW 

Fine. 

2    a 

66,0 

64,0 

29,83 

SW 

Fine. 

;      ^5 

7    0 

SS.5 

,0°.S 

29,85 

0,017 

NW 

Fine. 

2    0 

63.0 

64,0 

29,92 

.NW 

l2 

Cloady. 

16 

7    P 

56,0 

59.0 

30.01 

C,d20 

wvir 

Fair. 

2    0 

63.0 

62,0 

10,04 

SW 

Fair. 

[I  ^'-^  r 


M  E  T.  £  Ol-R  O.L  d  6  P C  A  L   '  J-O- XJ^ IC U'A  1,: 

for  June  1.7801. 


Time. 


H.M. 


■■ 


Jmneiy 
18 

«9 
20 

21 
22 
23 

as 

26 

27 
28 

29 

30 


Therml 
withoat 


7 
2 

7 

2 

7 
2 

7 
2r 

7 
2 

7 
2 

7 

2 

7 
2 

7 
2 

7 
2 

7 

2 

7 
2 

7 
2 

7 


o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


^^•m 


58.S 
65.5 

60,0 

72,0 
60,0 
66,0 
57iS 

68,0 

S8,S 
61,0 

56.0 
70,0 

60,0 

67,5 
58,0 

67,0 

S7.S 
66,0 

56.0 
69,0 

62,0 

74>o 
66,0 

78,0 

67,0 

.84,5 


Thwm: 
within. 


•64.0. 

61,0 
569,0 

•6i,o; 

"62,5 
64,0 

«6,o 
=63,5 

'6S,o 
•65,6 
■^2,0 

■65,0 
62,0 

64.5 
■64,0 

68,0 

•67,5 
70,0 

66,0 

76,0 


Barom< 


^^k* 


■  Inches. 


*9,ai 

'29,81 

*9.79 
29>79 
»9.SiS 
29.g9t 
30»«7 
30.*! 
3P'<» 
30.07 

30.04 
30, » 8 

30,10 

3o.<>7 
30,08 

30,12 
30,24 

30,31 
30,37 
30. -7 
30.  •  a 
30,i8 

30.«5 
30,^9 
29,99 


t^^n« 


{nek. 


0,03a 
(^,240 
0,152 


0,02  ir 


0,320 


*  Winds*  *  • 


»    «  •  « 


Points.  |Stn 


SW 

sw^ 

SW 

SW 

ssw 

SW 

WbyS 
SW- 

W  Jby  N 

SW 

SSW 

SW 

NW 

SW 

S^W 

SW 

WbyS 
NW 
NW 
SW 
NW 
SW. 
NW  i 
NNW 
SE 
E 
SE 
•E$E 


5^ 


'  Wctthei 


2 
2 

2 


Kainy. 

Cloudy. 

Fair. 

Fine. 

Fifie. 

Fiiiei 

Fia€. 

Clotidy. 

Rainy. 

Fine. 

Fine. 

Fair.   * 

Fair. 

Fair. 

FinCk 

Fine. 

Fine. 

Fine. 

Fine. 

Fa?r.   : 

Fine. 

Fine.    ' 

Fine; 

Fine. 

Fine. 


r  I 


1 


'   I 


£  e  2 


M  E  T  Er 


c:  "•  ] 


MSTEORO LOGICAL    JOURNAL 

for  July  1780. 

Timcllherm. 

Therm. 

B^rbm.  Rain. 

Winds. 

without 

within. 

1 

1 
• 

•  ^V^flther^ 

. 

¥LM. 

.Inche$. 

Inch. 

Points. 

Sm 

«▼  OHiW  • 

|uly  1 

7 

* 
0 

^s, 

70,0. 

29,96 

> 

SW 

1 

Fair. 

• 

a 

0 

73.0 

7^.5  ■ 

a9.95 

SbyE 

Pair. 

1        * 

7 

0 

63,0 

680 

2989 

0.143 

SW 

Rainy. 

4 

1 
t 

2 

0 

730 

.72,0 

a9.99 

SW 

Fine. 

• 

3 

7 

0 

6 1,5 

68,5 

49.99 

SW 

Fine. 

2 

0 

69,0 

70,0 

30.05 

SW 

Qoady. 

'       A 

7 

0 

60,0 

66,5 

30.02 

SW 

Fair, 

2 

0 

70*5 

68,5 

3005 

«       ^ 

NW 

Fine. 

5 

7 

0 

61,0 

.67.0 

30,18 

SW 

Fine, 

1 

2 

0 

69,0 

66,0 

30,09 

* 

SW 

Fine, 

1        6 

7 

0 

61,5 

64,0 

3009 

NW 

Fine. 

2 

0 

;  71.0 

69,0 

30,08 

NW 

Fine. 

7 

7 

0 

58.S 

61,0 

30.06 

NW 

Fine. 

2 

0 

65,0 

64,5 

30.04 

NW 

_^_     1          _ 

1 

Fine. 

8 

7 

0 

60,5 

62,5 

29  97 

WlJyN 

Fine. 

^ 

a 

0 

68,5 

65.5 

»9.99 
30,06 

1 

NW 

1 

Fine. 

.»        9 

7 

0 

^1,0 

6x,o 

N£ 

Fair. 

^ 

2 

0 

.68,0 

66,0 

30,08 

WNW 

Fine. 

1         lO 

7 

0 

S7,o 

64>o 

30.14 

0,0x7 

N£ 

Fine. 

2 

0 

67,0 

66,5 

30,19 

NNE 

Fine, 

11 

7 

Q 

54.0 

62,0 

30,17 

NbyE 

Fair. 

1 

2 

0 

7Q.5 

68.5 

30.»4 

• 

NW 

Fine, 

12 

7 

0 

61,0 

65,0 

2997 

1 

WSW 

Cloudy. 

' 

2 

0 

^4»o 

,70.0 

^9.94 

NNW 

Cloudy. 

»3 

7 

0 

60,0 

65.5  • 

2998 

0,116 

NNW 

Cloudy* 

a 

0 

^8,0 

68.0 

30.07 

NW 

Cloudy. 

U 

7 

0 

60,0 

62,5 

30,16 

NW 

•*• 
l*ine. 

2 

0 

7P,S 

b8,5 

30.19 

NW 

[<ine. 

_          *  g 

*5 

7 

0 

605 

66,5 

30,00 

WSW 

Cloudy, 

2 

0 

72,0 

69^5 

29,92 

NW 

Fine. 

i6 

7 

0 

66,0 

69»5 

19.99 

NW 

Fine. 

I  a 

0 

79.5 

72.0 

2998  ^ 

NW 

Fine. 

METS^ 
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METEOROLOGICAL     JOURNAL 

1 

for  July  1780. 

Time.l 

Therm 

Therm. 

Bdrom. 

Kain. 

Winds. 

without 

within 

• 

Weather. 

1 

H.] 

M. 

Inches. 

Inch. 

Points. 

Str. 

1 

July  17 

7 

0 

68,5 

7;<,o, 

29,88 

SE 

Fine. 

a 

0 

82,0 

78.S 

29,87 

SE 

Fine. 

18 

7 

0 

70,0 

7S.O 
76,5 

a9»74 

0,028 

sw 

Fine, 

2 

0 

7a.o 

29,83 

sw 

Fair, 

»9 

7 

0 

62,0 

71,0 

30,00 

wsw 

Fair* 

2 

0 

68,5 

69,0 

30,06 

sw 

Fine. 

20 

7 

0 

58.5 

67,0 

3o»»3 

wsw 

Fine. 

2 

0 

7a,S 

69.S 

30>09 

wsw 

Fine, 

21 

7 

0 

60,0 

67,0 

29,87 

0,038 

sw 

Rainy. 

2 

0 

67.S 

68,5 

29,76 

wsw 

Cloudy* 

22 

7 

0 

61,0 

h'^ 

»9»S9 

0,926 

J^E 

Rainy. 

2 

0 

66,0 

68,5 

29,66 

Sby  W 

Rainy. 

23 

7 

0 

59.S 

66,0 

29.99 

0,3  iP 

NE 

Cloudy. 

2 

0 

66,0 

67,0 

30,01 

NE 

Fair. 

24 

7 

0 

58,5 

65,0 

30,18 

SW 

Fair. 

2 

0 

79»o 

69.S 

60, » 7 

sw 

Fine. 

as 

7 

0 

65,0 

69.S 

30,16 

0,024 

NNE 

Cloudy. 

'• 

2 

0 

80,0 

7*^0 

30  19 

NNE 

Fine. 

26 

7 

0 

62,5 

63.5 

30.*4 

NW 

Cloudy. 

2 

0 

78;o 

7S.O 

30.23 

SW 

Fine. 

27 

7 

0 

64,0 

70,5 

3o,H 

NW 

Fair. 

2 

0 

7i>o 

71,0 

30,21 

NW 

Fiuc. 

28 

7 

0 

S9.0 

60,0 

30,34 

ssw 

Fine. 

2 

0 

71.5 

68,5 

30,34 

sw 

Fine. 

29 

7 

0 

60,0 

66,0 

30.35 

NE 

Fine. 

2 

0 

71,0 

68,0 

30,19 

• 

EbyS 

Fine. 

30 

7 

0 

6i,S 

63,0 

30,11 

NE 

Cloudy* 

2 

0 

7S'0 

70,0 

30,11 

ESE 

Fine. 

3> 

7 

0 

60,5 

66,5 

30,19 

ENE 

Cloudy* 

2 

0 

70,5 

68,5 

30,19              1     NE     1 

Fine. 

METE:- 


C    ^H    ] 


r 


Aug.   I 


METEOROLOGICAL      JOURNAL, 

forAuguft  1780. 


Time. 


Therm, 
without 


H.M. 


3 

4 

S 
6 

7 
8 

9 
10 

II 

12 

13 
H 

15 

16 


7 
2 

7 
2 

7 
2 

7 

2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


S9>o 

78,0 

62,0 

78,0 

83*0 
78,0 

60,5 

76»S 
60,0 

78,5 
62,0 

80,0 

S9»S 
77»o 
62,5 
82,0 

64*5 
81,5 
66,5 

79>^ 
65,0 
79,0 

62  5 

763S 
60jO 

62,0 

6i,s 

68,0 

65,0 

7S»o 


Therm, 
within. 


Barom. 


65,0 

74,0 
68,0 

71,0 

68,5 

73>5 
69,0 

73>o 
66,5 

74>o 
67,0 

73'^ 
69,0 

74>o 
67,0 

75>o 
66,0 

75>^ 
71,0 

76,5 

73>o 
76,0 

72,0 

73*^ 
65,0 

7SiO 
62,5 

69,0 

69>o 
68,0 
72,0 


Inches. 


30,20 

301I9 

30>»i 
30,18 

30*09 

30.13 
30,10 

30,14 
30,11 

30,11 
30>07 
30,07 

30,12 
30,16 
30,09 

30,07 
30,02 

30,04 
30,02 

30>02 

30,02 

29,98 
29,91 

29,89 
29,89 

29>93 
«9>93 

29>9S 
3^9.88 

'29»92 

29,91 
30,03 


(lain. 


Inch. 


0^104 


Winds, 


Points. 


NE 

NE 

SW 

SW 

NE 

NE 

ENE 

NE 
NNE' 

NW 

NNE 

Nby  W 

NE 

NE 

NE 

NE 

NE 

NE 

NE 
Eby  S 

ENE 

ENE 

NE 
SbyE 

NE 

Ne 

NE 

NE 
NE 
NE 
NE 
NK 


Str, 


WeaihcT, 


Cloudy. 

Fine, 

Fair. 

Fine, 

Kinc. 

Fine. 

Fine. 

Fine. 

Fair. 

Fine, 

Cloudy. 

Fine. 

Fair. 

Fine. 

Fair, 

Clo\K(y. 

Fair. 

fine. 

Fine. 

Fine. 

Fine. 

Fine, 

Fine. 

Fine, 

Fii7c. 

Fine. 

Fair, 

Rainy« 

Fair. 

Fair. 

Fair. 

Cloudy. 


METE- 


[    ^15    ] 


METE0R01.06IC  AL      JOURNAL 

for  Auguft  1780. 

Time.  Therm. 

Therm. 

Bvoui. 

Kain. 

Winds. 

without 

withio. 

Weather. 

• 

H.M. 
7     0 

Inches. 

Points. 

Str. 

Aag.17 

65.S 

67,5 

30,02 

S£ 

Fair. 

2      Q 

75.0 

72,0 

30,00 

NE 

'  air. 

18 

7    0 

60,5 

680 

29,86 

0,381 

£N£ 

Rainy. 

2     0 

71,0 

71,0 

29»8S 

ENE 

Rainy. 

»9 

7    0 

64,0 

665 

29,92 

NNE 

Cloudy. 

2     0 

74,0 

72,5 

29.99 

NE 

Fine.                      • 

20 

7    0 

63.5 

66,0 

30,12 

ESE 

Fine. 

I 

2     0. 

74,5 

7M 

30'»3 

SSE 

I 

Fine. 

21 

7    P 

67,0 

68,0 

30*09 

SbyE 

Fine. 

2     Q 

76,0 

75.0 

30,09 

S£ 

Fine. 

22 

7    0 

64,5 

68.5 

29'99 

WSW 

Fair. 

2    0 

70,0 

69,0 

30.03 

sw 

Fine. 

23 

7    0 

59.0 

67,0 

30.07 

NW 

Fair. 

2.  0 

72,0 
•f8.5 

70,0 

3'^»'4 

SW 

Fine. 

*4 

7    0 

63,0 

30,18 

tNE 

Fair. 

2    0 

74,0 

72,5 

30,19 

NW 

Fine.. 

25 

7     0 

59,5 

62,0 

30,13 

NNE 

J-ine. 

2.  0 

75,0 

73.0 

30.  »5 

NW 

Fine 

26 

7    0 

60,5 

64,0 

30,16 

NE  • 

Fine. 

2    0 

76,5 

75>o 

30,16 

ENE 

y 

Fine. 

a? 

7    ° 

6t,o 

63,0 

30, « 5 

Eby  N 

Fine. 

2    0 

73t5 

69,5 

30,08 

EbyN 

Fine. 

28 

7    0 

60,0 

65,0 

30,10 

NE 

Fair. . 

2    0 

68,5 

68,0 

30," 

NE 

Fine. 

29 

7    0 

6t,o 

65.S 

30,19 

NE 

•    « 

Fair. 

2    0 

72,0 

71,0 

30,14 

NE 

'ine 

30 

7    0 

61,0 

67,0 

30,10 

NE 

Cloudy. 

2  .  0 

76,5 

74,0 

30,09 

NE 

Fine. 

3' 

7    0 

69,0 

69.5 

30,05 

S^W    1 

Fine. 

2    0 

83,5 

76,^ 

30.05 1           |SbyU| 

Fine.. 

I/LE.T  Sr- 


•[      2X6      ] 


^* 


METEOROLOGICAL     JOU  RTf  A  L 

for  September  1 780. 


TlQlC. 


Therm, 
without 


H,M, 


»cpt.    I 
2 

3 
4 

5 
6 

7 
8 

10. 

II 
12 

»3 

14 

IS 
16 


7 
2 

7 
2 

7 
2 

7 

2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 

2 

7 

2 

7 
2 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
01 
o 

O' 

o 
o 
o 
a 
o 
o 
o 


67,5 

84,0 

66,0 

77>o 
63.0 

70,0 

56,0 

70,0 

ShS 
7ii5 
56,0 

7^5 

57.5 
76,0 

65,0 

72,0 

58,0 

64,0 

S4»o 
70,0 

59'0 
675O 

54.0 

67,5 
61,0 

69,0 

S7>o 
66,0 

S7iO 
62,0 

62,5 

S9iO 


Therm, 
within. 


73>5. 
79>o 

73>^ 
76,0 

71,0 

71.0 

63»5 
68,0 

62,5 

69,0 

63,0 

69,0 

62,0 

69,0 

68,0 

70,5 

67>S 
68,0 

64^5 
67,0 

65,0 

67,0 

6(>,5 
62,0 

6s»5 
64,0 

66,5 

63>S 

73»S 
65,0 

67*5 


Barom. 


Inches. 


30,01 
29,89 

29»9S 

29>94 
30,01 

3o>o5 
30,01 

30>*7 
30,20 

30,18 

30,02 

29.95 
29,75 
29»73 

29,59 
29,61 

29,74 
29,81 

29,83 

29,74 

29,71 
29,82 

29,96 

29,99 

30,03 

29,99 
29,85 

29,86 

29,92 

29,98 
29,76 

29,76 


E 


am. 


Inch. 


o>aso 


0560 

0,327 
0,258 


0,167 


Winds. 


Points 


.jStr. 


SSW 

SW 

Why  S 

SW 

NE 

SW 

NE 

SW 
Eby  S 

SE 

SE 

SE 

ENE 
SE 

SsW 

SE 
Sby  W 

SW 
NNE 
S  by  E 

SSW 

SW 

SW 

NW 
S  by  W 

SSW 
SE 
SbyE 
SbyE 
SE 
SE 
SE 


Weather. 


Fine. 
Fine. 
Fair. 
Fine. 

hne. 

Fine. 

Fair. 

Fair. 

Fine. 

Fine. 

Fine. 

Fine. 

Cloudy. 

Cloudjr. 

Fair. 

Fine, 

Rainjr. 

Cioudy, 

Cloudy. 

Rainy. 

Riiny, 

C'oudy  and  raia« 

Fine. 

Fine. 

Fine. 

Fair. 

Rainy. 

Cloudy, 

Fine. 

Fine. 

Showery. 

showery. 


metb- 
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METEOROLOGICAL      JOURNAL 

for  September  1780. 

lime. 

Thcnn. 

Therm. 

Barom. 

Run. 

W  lads. 

without 

vvithtn. 

Weather. 

H.  1 

M. 

. 

• 

Inches. 

Points.  IStr. 

Sept.  1 7 

7 

0 

6o,s 

65,0 

29.49 

0,225 

SE 

I 

Rainy, 

2 

0 

68,0 

67.0 

29.49 

SE 

2 

Fine. 

i8 

7 

0 

58.0 

hfS 

29.49 
29.58 

0,572 

SSW 

Fair. 

2 

0 

68,0 

67,0 

sw 

Fine. 

19 

7 

0 

53.0 

60,0 

29,64 

SSE 

Fine. 

2 

0 

65,0 

65.0 

29,68 

SE 

Fine. 

20 

7 

0 

52.5 

60,5 

29,67 

SE 

Fine. 

2 

0 

64,0 

62,5 

29,66 

NW 

Fine* 

21 

7 

0 

49.5 

59.5 

29,81 

SbyW 

Fine. 

2 

0 

65,0 

62,0 

29,88 

SW 

Fine. 

22 

7 

0 

48,0 

56,0 

30,02 

SSW 

M 

^ 

Fine. 

2 

0 

65,0 

65,0 

30." 

SW 

Fine. 

23 

7 

0 

49.5 

S7.0 

30.09 

ENE 

Fine. 

2 

0 

66,0 

66.0 

30,05 

NE 

Fine. 

»4 

7 

0 

59>o 

59.5 

29,84 

NW 

Fair. 

2 

0 

66,5 

65,0 

29.99 

NW 

y 

Showe;ry« 

as 

7 

.0 

54,0 

58,0 

30,04 

o»"3 

SSW 

m 

Fine. 

2 

0 

66.5 

67,0 

30,04 

WSW 

Cloudy.     . 

26 

7 

0 

59.0 

61,0 

29»97 

SW 

Fair. 

2 

• 

0 

67,0 

64,0 

29,92 

SW 

Kair. 

a? 

7 

0 

51,0 

59.0 

29,90 

0,079 

WSW 

Fine. 

2 

0 

66,0, 

63.5 

29,94 

SW 

Fair. 

28 

7 

0 

■56,0 

60,0 

29.7s 

SW 

Cloudy. 

2 

0 

64,0 

64,5 

29,76 

SW 

. 

Showery  and  cloudy. 

29 

7 

0 

53.5 

61,5 

29,54 

0,320 

SSE 

Rainy. 

•    A 

0 

62,0 

63.0 

29,64 

SE 

Fair. 

30 

7 

« 

0 

50,5 

57,0 

29.34 

0,032 

SSW 

Rainy. 

2 

0 

52,0 

57,0   1  29,14 

SW 

2 

Rainy.                      | 

Vol.  LXXI. 


P  f 


METE- 


I    ??8    ] 


■" 

METEOROLOGICAL    JQUKNAL 

fpr  Odober  1780. 

trimcl 

TJicrau|Tberin.|Barom.  | 

Raia. 

Wind 

u 

' 

without 

within. 

1 

Weather, 

• 

H.M. 

■ 

Inches* 

1 

Inch. 

Points. 

Sfr. 

Oftt    i 

-7-0 

-45.0 

■52,5 

49,19 

O1O76 

ssw 

Rainy. 

2 

0 

58,j  " 

5S>5 

29^09 

SSW 

Rainy, 

2 

7 

0 

•53»o 

55,0 

291,07 

0,106 

BW 

Fair, 

2 

0 

57,0  ■ 

56,5 

29»44 

SW 

Fine, 

3 

7 

0 

•52,5 

54,0 

29,57 

WSW 

Fine, 

4 

2 

0 

58,5 

55,5 

29,64 

NW 

I 

Fine. 

-  -      ^ 

7 

0 

•42,0 

5'»5 

29?79 

0,050 

NNE 

Fair. 

2 

0 

•54,0 

59,5 

29,87 

• 

NW 

Fair. 

5 

7 

0 

4M 

50,5 

30,16 

# 

NW 

Fine. 

2 

0 

•  54.0 

52,5 

30,18 

WSW 

Fair. 

•         6 

7 

0 

•45.5 

49,0 

30»04 

SbyE 

Cloudy. 

2 

0 

57,0 

53.5 

29,90 

SbyW 

Cloudy. 

7 

7 

0 

52,0 

53,0 

29,63 

SSW 

Fair. 

V 

2 

0 

58,5 

55.5 

29,56 

SW 

Fine. 

8 

7 

0 

43.5 

52,0 

29,62 

SSW 

Fair. 

1 

2 

0 

57.5 

54,5 

29,44 

SE 

Fine. 

9 

7 

0 

56,5 

55,0 

28,66 

0,590 

SSW 

3 

Rainy. 

^ 
1 

# 

2 

0 

57.0 

56,5 

28,82 

SSW 

3 

Showery. 

10 

7 

0 

51,5 

50,0 

28,68 

SW 

• 

I 

Fair. 

' 

• 
2 

0 

58,0 

55.0 

28,99 

SW 

2 

Clouciy. 

IX 

7 

0 

45,5 

53,5 

29,5  > 

0,O2O 

SW 

2 

Fair. 

2 

0 

58,0 

56,0 

29,61 

SW 

2 

Fair. 

12 

7 

0 

43<5 

53,0 

29,68 

0,025 

SW 

1 

Fair. 

2 

0 

55>o 

54»o 

29,81 

WbyN 

I 

Fine. 

»3 

7 

0 

48,5 

51,5 

30,04 

SSE 

1 

Cloudy. 

%^ 

2 

O 

60,0 

H>° 

30,02 

SE 

2 

Fair.     . 

14 

7 

0 

52,0 

53,5 

29,75 

S£ 

1 

Cloudy. 

2 

0 

65,0 

59.0 

29,61 

SE 

I 

Fine. 

• 

»5 

7 

0 

58,5 

59.0 

29,69 

SSE 

I 

Cloudy* 

2 

0 

66,0 

6a,o 

29,69 

SE 

I 

Cloudy. 

16 

7 

0 

53>5 

56,5 

29,72 

0,530 

SSW 

1 

Rainy. 

2 

0 

62,0 

61,0 

29,71 

1  wsw 

I  i  Cloudy.                   \ 

METK- 


i 


tt§ 


i 


• 
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for  Odkober  1 7^0. 


Wincb. 


*^Ltm 


Time. 


oa.  17 

18 

20 
21 
22 

23 

as 

26 

27 
28 
29 

30 

3> 


h!m. 


Thcnri. 
without 


Therm. 

within. 


7 
2 

7 
2 

7 
2 

7 

2 

7 
2 

7 

2 

7 

2 

7 

2 

7 

2 

7 
a 

7 

2 

7 
2 

7 

2 

7 

2 

7 

2 


o 

o 

o 

o 

o 

o 

o 

o 

o| 

o 

o 

o 

o 

o 

o 

o 

0 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


S5>o 

65,0 

49>5 
62,0 

S3>o 
56,0 

46,5 

47>o 

55.0 
46,0 

54,5 

4i>5 

53.0 
50,0 

59>o 
43.5 

51,5 
37,0 
52,0 

45.0 
50,0 

47>o 

55.0 

47.5- 

49,5 

49.5 

50>o 

49.5 

50,5 


^■M 


5B,o 
65,5 

55>o 
60,0 

59.0 
59.0 
56.0 
56,0 

50.5 
53.0 
50,5 

52>5 
49,0 

52>o 

61,0 

5«.o 

52>o 
48,0 

50.0 
46,0 

48,0 

48,0 

51.5 
5».o 
51.5 
51.5 
52>o 
52&0 
52>5 


Barom. 


Imm^^h 


Inches. 


29,87 
29,91 
30,02 

30.07 

29.79 

»9.58 
29,48 

29.44 
29,48 
29,63 

29.73 
29,67 
29,86 
29,88 
29,66 
29,70 

29,73 

29,77 

30.07 

30,14 

30.27 

30,29 

30,14 

30,07 

29.85 
29,82 

29,71 

29,82 

29,88 

29,89 


Rain. 


ri.* 


Inch. 


Points.  IStr. 


0,071 


0,068 


0,435 
0,375 


SSW 
SSW 
NNE 
NNE 
SW 

sw 

wsw 

sw 

NW 

WNW 

SW 

SW 

sw 

sw 

SE 
S£ 
NE 
NW 

SSW 

NNE 

NE 

NE 

NNE 

NE 

NW 

NW 

NNW 

NNW 

SW 

NE 


Wetther. 


t 
J 

♦ 

I 

« 

1 


•^i^Mttl 


a«ito«fa 


Fine, 

Cloudy, 

Fine, 

Fine* 

Rainy, 

Fine« 

Cloudy, 

Fine, 

Fine. 

Cloudy, 

Cloudy  and  rainy. 

Fine. 

Cloudy, 

Cloudy, 

Fair. 

Fine, 

Fine* 

Fine, 

Fine. 

Cloudy, 

Fair.  .  i 

Cloudy,  I 

Cloudy, 

Rainy. 

Rainy. 

Rainy,. 

Rainy,' 

Rainy.  • 
Rainy. 


a  F  a 


M£TE- 
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METEOROLOGICAL     JOURNAL 

for  November  lySo. 


1 

« 

Xinje* 

Tberm. 
without 

rbcriD. 
within. 

Barom.l 

Rain. 

Winds. 

. 

Weather. 

• 

4                                         • 

H.M. 

9 

Inches. 

Inch. 

Points.  Str. 

Nov.  I 

8    o 

47»S 

49fS 

29.94 

0,118 

NNE 

I 

Cloudy. 

2      O 

Jo,o 

51,0 

30,02 

NE 

2    Rainy. 

2 

8    o 

46,0 

48,5 

30,08 

NNE 

1    Cloudy^ 

2      O 

.50,0 

5«.«> 

30,08 

NE- 

Kine. 

3 

8    o 

46,0 

48,5. 

29.97 

NE 

Cloudy. 

2     O 

50.0 

530 

29.94 

NE- 

Fair. 

4 

8    o 

.40,0 

46,0 

2997 

NW 

Kine. 

a    o 

46,0 

47  »o 

30,08 

% 

NW 

2 

hinc. 

1 

S 

8    o 

47.0 

47.0 

29.83 

0.039 

sw 

I 

Finci 

a    o 

Si^S 

49.9 

29,72. 

NW 

2 

Fine, 

6 

8    o 

40,0 

45.0 

2986 

NW 

2 

Hine, 

2      O 

44.0 

4S>o 

2987 

NW 

2 

Fine, 

7 

8    o 

35.0 

37.5. 

2972 

o>039 

NNE 

2 

Fine, 

2      O 

y>>°^ 

380 

29  82 

•  NE       3 

Snowy. 

1 

8 

8    o 

36,0 

32.5 

29,91 

o,Q8i 

NNE 

2 

Pine. 

1 

a    o 

,42.0 

40,0 

2994 

NE 

•I 

Fine. 

9 

8    o 

33»o 

37.5 

Jo  09 

SW 

CiouHy. 

2      O 

41,0 

40,0 

30,05 

SSW 

JJoudy^, 

lo   8    o 

48,5 

44.0 

3007 

o>P7S 

NE 

Cloudy. 

a    o 

5«>o 

47,0 

30." 

NK 

Fair. 

11 

8    o 

46.S 

450 

30  II 

NE 

Cloudy. 

4 

2     O 

5a.o 

'48,0 

30  »7 

NNE 

Cloudy. 

la 

8    o 

47.0 

49,0 

30.09 

wsw 

Fine. 

a    o 

51.0 

49.5- 

30.12 

4 

wsw 

Cloudy. 

»3 

8    o 

SUS 

iO,o 

29-73 

■ 

sw 

3 

Cloudy, 

1 

2      O 

•52,0 

5>.o 

29,64 

sw 

3 

Cloudy* 

14 

8-  o 

39'S 

47>o 

29  82 

wsw 

Fair. 

*• 

a    o 

■47,0 

47  5 

29,84 

wsw 

Fine. 

•;    *5 

8    o 

30,0 

4>>o 

997 

0,095 

NW 

|- 

Fine. 

a    o 

360 

41  0 

30,02 

NW 

Fine* 

^,       i6 

8    o 

26,0 

360 

29.93 

SE 

Foggy. 

- 

a    c 

28,5 

38,0 

3016 

SE 

^ 

l^oggy. 

1 

• 

M 

METS- 

f  "«   3 


• 

METEOROLOGICAL     JOURNAL 

. 

- 

for  November  1 780. 

■ 

TimcJ 

Therm 

I'hcrro 

Baro.i . 

Kain. 

^™"" 

ivi^Virkiit 

ivifKin 

■ 

vT  imoui 

VT  I  lU  1 11  • 

Winds. 
Points.  |Str. 

Weather. 

iT 

tA. 

t 

Inches. 

Inch. 

Nov.  1 7 

8 

0 

36,5 

38,5 

• 

29»73 

SE 

Foggy. 

2 

0 

40.0 

41,0 

29*63 

SE 

Rainy. 
Cloudy. 

i8 

8 

0 

4^o 

40,0 

29,60 

0,030 

SE 

2 

b 

4S,o 

4a. 0 

29»S3 

SSE 

Fair. 

»9 

8 

0 

41.0 

42.5 

29,27 

0,039 

NW 

Fair. 

2 

0 

43,5 

44,0 

29,32 

NW 

Fine. 

ao 

8 

0 

430 

43.S 

28,94 

0,616 

WbyS 

• 

CJoudyi 

2 

0 

46,0 

49,0 

29,02 

SW 

• 

Fair. 

21 

8 

0 

36,5 

4>,5 

29.14 

1,074 

NW 

Fair. 

2 

0 

41.5 

43.0 

29.31 

NW 

Cloudy* 

22 

8 

Q 

36,0 

41,0 

29,14 

0,025 

SW 

Cloudy. 

2 

0 

37.0 

40,5 

29,08 

WNW 

Fine. 

23 

8 

0 

32,0 

37,0 

29^39 

NW 

Fine. 

2 

0 

37  >o 

38,0 

29,42 

NW 

Fair. 

24 

8 

0 

3».o 

390 

29>64 

SW 

Foggy. 

2 

0 

36,0 

•j8,3 

29.50 

SW 

Rainy. 

25 

8 

0 

36,0 

39.<' 

29,89 

Oy23f> 

NW 

V-loudy. 

2 

0 

38,0 

40,5 

29  98 

WsW 

* 

Cloudy* 

26 

8 

0 

42,0 

39.5 

30,10 

wsw 

Cloudy. 

•                                    • 

2 

0 

48,0 

42,0 

30,14 

NW 

Cloudy. 

a? 

8 

0 

44»o 

45.0 

30.27 

0,038: 

NW 

A  • 

Cloudy. 

2 

0 

47»o 

45.0 

30.28 

NNW 

Cloudy^ 

28 

8 

0 

42,0 

44»5 

30,46 

EN,. 

Cloudy. 

^ 

2 

0 

4S»5 

46,0 

3^'47 

NE 

Fine. 

29 

fr 

0 

37.0 

42,0 

30»4S 

NNE 

Fine. 

« 

2 

Q 

40,0 

43'0 

30»40 

NNt 

Fine. 

30 

8 

0. 

37»S 

4i,S 

3032 

NNE 

i'inc. 

1 

2 

0 

4P.S 

4*.o. 

30'32 

NNt   I 

I    f^inc.                        1 

METE*- 


t  »»*  ] 


•—^ 


Dec 


♦. 
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£}r  December  1780, 


Time, 


MM** 


H.M. 


I 

2 

3 

4 
5 


7 
8 

9 
16 

12 

13 
14 

»S 
16 


8 

2 

8 

2 
2 

8 

2 

8 

2 

8 

2 

8 
2 
8 
2 
8 
2 
8 
2 
8 
2 
8 
2 
8 
2 
8 
2 
8 
2 
8 
2 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


Therm, 
without 


38.S 

43>5 
42,0 

44.0 
38,0 

4»>5 
40.5 
45 .0 
39.5 
43.5 
38.0 
39,0 
33.0 
33»5 
36>o 
40,0 

4S.O 
40,0 

33>S 
38,0 

38,5 
45»o 
41,0 

45.S 
40.5 
44,0 
40,0 

4S>o 
41,0 

45.0 
40,0 

43,5 


Therm.lBarom 
within. 


40,5 
41.S 

42,5 
46,0 

40,0 

43.0 

41,5 
44,0 

42,0 

44iO 

4>.5 

42>5 

39»5 

3^.0 

39.0 
40,0 

48^ 
40,0 

37,0 

36,0 
40,0 

42,0 

41,5 
43,0 
43.5 

44.0 
42,0 

45,0 
44,0 

45,0 
44,5 
45»o 


Inches. 


30,13 
30,3 » 
30,34 
30,36 

30,47 
30,49 
30,51 
30,49 
30,45 
30,40 

30,35 

30,33 

30,29 
30,28 

30,29 

30,31 
30,53 
30,53 
30,45 
30,44 
30,36 
30,34 
30,45 
30,41 
30,44 
30,39 
30*36 
30,46 

30,44 
30,46 

30,55 


Rain. 


Inch. 


«•« 


Winds. 


Points. 


NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
N£ 
NE 
NE 
NE 
NE 
NE 
NE 

wsw 
sw 

NW 
>JW 

SW 

•SbyE 

NW 

WNW 

SW 

SW 

NW 

NW 

NNE 

SE 


Str. 


Mta.*^M«aM^ta 


Weather, 


Fair. 

Fair. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Fine. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Fine. 

Fair. 

Fair, 

Fair. 

Fair. 

Cloudy. 

Fine. 

Fair. 

Foggy. 

Foggy. 

Foggy. 

Cloudy. 

Foggy* 

Fair. 

Fine. 

Fair. 

Foggy. 

Cloudy. 
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»». 
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■JTi 


Dec.  17 
18 

»9 

20 

21 

22 
23 

as 
26 

27 
28 
29 
30 
3» 


Time.  {Therm, 
without 


H.M. 


8 

2 

8 

2 
8 

2 

8 

2 
S 

2 

8 

2 
8 
2 
8 

2 

8 

2 
8 

2 

8 

2 

8 

2 
8 

2 

8 

2 
8 
I  2 


o 
o 
o 
o 
o. 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

Q 

o 
o 
o 
o 


40,0 

43.5 

34)5 
40,0 

3o»5 

34,S 
30,0 

28,0 
29,0 

33,0 

38,5 
24,0 

32.5 
34»o 

37.0 
37.0 

38.S 

32.5 
36,0 

29.5 
3*.o 
3*1 5 
37.0 
40.5 
4S.O 
45»o 
50.0 
43t5 
5o>o 


Themi.|Barofn. 
within. 


44.0 

44,0 
41,0 

4».5 

38.0 
36,0 

34.5 
39>o 
S3.0 
34,5 
34.0 

35,0 

32.0 
34,0 

34.5" 

35,5 

37,5 

37,5 

34,5 

36,5 

3*,5 

34,5 

33,5 

36,5 

37,0 

39,0 
41,0 

44,0 
44»o 
46,5 


Inches. 


30.51 
30,48 
30,46 

30,46 

3o>49 
30,40 
30,08 

29,99 
29,69 

29,69 

29,85 

29,89 

30,05 
30,06 

30,  »5 

30, » 5 
30,21 

30,23 
30,26 

30,26 

30,26 

30,29 

30.35 
30,34 
30,13 
30,03 
30,01 

30,07 
30,06 

30,07 


Rain. 


Inch. 


0,100 
0,210 


Winds. 


Points. 


SW 
NW 

NE 
ENE 
ENE 

NE 

NE 

NE 

SbyE 

SbyE 

WSW 

NW 

SSW 

NW 

NNE 

NbyE 

NNE 

NNE 

ENE 

NbvE 

NE 
•  NE 
SSW 

SW 

SW 
WSW 
WSW 

SW 

SSW 

WSW 


Str. 


Weather. 


cgy. 


Foggy. 

Fine. 

Fog_ 

Fine. 

Fine. 

Fine. 

Foggy. 

Foggy. 

Foggy. 

Foggy.. 

Foggy, 

Fine. 

Foggy. 

Fine. 

Foggy. 

Fair. 

Fair. 

• 

T. 

hair. 

Fain 

Frofty* 

Frofty* 

Foggv. 

Clouay. 

Cloudy. 

Fair. 

Cloudy, 

Cloudy. 

Cloudy. 

Fair. 
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1780 

V 

[an. 

rhcrmomctcr  without.    Thermometer  within. 

BaroiseteK 

Rain. 

Grcatefl 
Height. 

Leaft 
H<:ight. 

Mean 
Heght. 

Greatefi 
Height. 

Leaft       Meao 
Height.  Height. 

Greatefi 
Height. 

Hdghr. 

Mean 
Height. 

Inches. 

47»0 

20,0 

3i'9 

40,5 

a4,5 

33,6 

30,35 

2859 

*9,77 

0,692 

Feb. 

53.5 

ao.o 

37,8 

49,0 

3',o 

38,4 

30,5a 

29=08 

29^91 

0,858 

Mar. 

59»o 

34,5 

51,4 

56,5 

36^0 

49,9 

30.45 

29.38 

29,91 

1,189 

Apr. 

65.5 

33.0 

46,7 

65,0 

38,0 

48,0 

30,17 

28,81 

29,65 

2,739 

May 

84,5 

45.0 

59»7 

74,5 

5»»o 

60,4  , 

30,28 

29,38 

29,94 

0,822 

June 

84.5 

48,0 

62,9 

76,0 

50,0 

63,2 

30,37 

»9.79 

30,01 

0,852 

July 

82,0 

54,0 

66,4 

78,5 

61,9 

69,4 

30,34 

^9.59 

30,05 

1,602 

Aug. 

83.5 

S8,S 

69,a 

76,5 

62,0 

68,3 

30,20 

29.85 

30,05 

0.48s 

Sept 

84,0 

48,0 

61,3 

79.0 

56,0 

65,2 

30,20 

29,14 

29,83 

2,903 

oa. 

66,0 

4»»5 

52.3 

65,0 

46,0 

53,9 

30,29 

28,66 

29,69 

2,356 

Nov. 

26,0 

47,0 

53»o 

36,0 

43,6 

30,47 

28,94 

29.85 

2,505 

Dec. 

Whole 
year 

50tO 

24,0 

38,5 

46,^ 

3*»o 

39,8 

30,55 

29,69 

30,29 

0,310 

^ 

.5».7 

5*,8 

29,91 

«7,3'3 

V  A  R  I  A- 


r    aa5  -1 


^-  'i 


VARIATION    NEEDLE. 


4 

1 


June  5 
6 

7 
8 

9 

lO 

II 

12 

IS 
t6 

•  17 

i8 


7Ti. 
A.  M. 


Means  [  22  32 


o    / 

22  as 

22  21 
22  30 

aa  45 

22  31 
22  25 

22  45 
22  37 
22  31 
22  29 

a2  25 

22  45 
22  27 

22  39 


i2Ti. 
■  M. 


22  20 


22  29 
22  49 
22  44 
22  42 
22  48 
22  49 
22  49 
22.53 

22  SS 

22  40 
22  48 
22  32 
22  37 


2  b. 
P.M. 


22  43 


o   / 
22  21 


22  57 

22  48 

22  45 
22  48 

22  57 
22  48 
22  46 

22  45 
22  50 

22  49 

22  47 

22  55 

22  41 


10 or  iih. 
P.M. 


22  47  J 


O    / 

22  23 

22  4+ 
22  29 
22  46 
22  40 
22  40 

22  44 

22  41 

22  35 

22  50 

22  47 
22  49 
22  55 

22  48 


22  42 


Daily 
Means. 


o    / 
22  24 

22  38 
22  39 
22  45 
22  40 
22  42 
22  46 

22  43 
22  41 
22  46 
22  40 
22  47 

« 

22  42 
22  41 


Mean  of  all  22°  41'. 


Vol.  LXXI. 


Gg 


DIP- 
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DIPPING    NEEDLE. 


i 

7h. 

A.^d. 

12  h. 
M. 

ah. 
P.M. 

10  or  I  ih. 
P.M. 

Meansa 

June  s 
6 

7 
8 

9 

II 
ta 

»3 
»4 

*5 
i6 

»7 
i8 

o         t 

72    0 

72    5 
72    0 

72    0 

0        / 

7a  5 

n  5 
7a  0 

72  0 

0           / 
72        0 

72     10 

72     10 

0            / 
72        0 

• 

72.10 

72    0 

0     / 

7a  3 

Weft  mark 
down. 

72  20 

72  30 
72  25 
72  30 

72    10 

7a   20 
72    10 

72  lO 

7a  ai 

Eaft. 

72  20 
72  20 
72  20 
72  30 

7a  ao 
7a  ao 
7a  30 
7a  30 

72    0 

72  10 

72  10 

72   20 

7a  13 

Eaft  mark 
uppermoft. 

7a  s 

72  10 
7a  ao 

n  15 

72  IS 
7a  IS 

72  10 
72  20 
72  20 

72  45 
72  40 

72  40 

72  40 

72  30 

72  20 

72  40 
72  25 

72  30 

72   20 
72   30 
7a   20 

7a  3a 

Weft. 

XHJE    ELUn    01^.    RAJIT.     U     OR    VOXi.     IXmUl 
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ELOCUTION  AND  POLITE  LITERATURE. 


MR.  HENRY  SMEATHMAN,  who  was  many  years 
a  pupil  of  the  late  Mn  Rice,  and  before  he  went  on  his 
travels,  pradtifed  with  fuccefs  that  Author's  ingenious  method 
of  teaching  to  read,  fpeak  and  write,  with  eafe,  energy  and 
propriety ;  begs  leave  to  offer  his  fervices  to  the  public  in  the 
fame  mode  of  ufeful  and  polite  inftrudion. ' 

Oentlemen  intending  themfelves  for  the  Church,  the  Bar  or 
the  Senate,  will  by  oral  and  familiar  converfation,  in  a  few 
months,  receive  more  improvement,  than  by  a  fofitary  fludy 
of  many  years,  in  an  art  not  taught  in  our  Schools  or  Uni^er* 
(ides,  yet  abfolutdy  ncceffary  to  thofe  who  wifli  to  excel  in 
pul>lic  or  polite  life,  or  afplre  to  enlinence  In  eloquence  and 
literature. 

By  tlus  art,  a  liberal  education  is  improved  and  accom- 
plifhed,  claflical  learning  advantageoufly  diiplayed,  and  the  want 
of  a  proficiency  in  the  dead  and  other  languages  fupplied,  as  by 
Mr.  Smeathman^s  method,  founded  on  that  of  Mr.  Rice,  the! 
pupils  may  acquire  a  .critical  knowledge  of  the  idiom  and  ele- 
^;ance  of  their  own  without  them. 

This 


c 


Thi«  recommends  it  peculiarly  to  the  attention  of  all  thofe^ 
who  wifli  to  have  the  plea£ire  of  xeadiag  the  Englifli  ^l^^r 
authors  with  grace  and  propriety,  or  to  write  and  fpeak  cor- 
re£Uy ;  of  thofe  Gentlemen,  who  are  intended  for  the  Navy, 
the  Army,  the  Public-office  or  the  Counting-houfe  \  or  whqf§, 
juvenile  ftudies  may  have  been  obliteratec^  by  an  early  hitro-* 
duftion  into  thofe  fituations ;  and  of  all  thofe  who  may  have 
been  deprived  of  the  advantages  of  a  liberal  education. 


They  are  efte£tually  cured  of  any  defe£is.  in  pronunciatkm, 
which  do  not  arife  from  an  imperfediqn  ia  the  organs  of 
fpeech ;  and  inftead  of  provincial,  difagreeable  or  abfurd' 
habits,  they  acquire  an  energetic,  a  perfuafive  and'a  jgraGefuf 
manner  of  fpeaking,  reading  and  recithig.  Above  all,  the 
younger  pupils  receive  this  fingular  and  important;  advantage, 
that  their  m^iads  are  opened  more  early,  their  i^eafon  is  affifted 
in  its  exertions  ^^d  directed  to  fucb  objefts  as  naturally  proK 
mote  the  perfe£tion|  and  the  happinefs  of  humaii  beings. 

This  method  is  eqiially  well  adapted  to  both  iezes,  tho&  ad«. 
vanced  in  life  may  receive  inAru^lion  privately,  as  ufual,  and 

Ladies  will  be  attended  at  their  own  houfe^. 

» 

Application  may  be  made  to  Mr.  Smeathman,  at  his  Chaoor 
bers,  N<>  14.  Clement*>s-Inn.  Of  whom,  in  a  few  days,  may 
be  had  a  Ihort  Treatife  on  the  nature  of  eloquence,  and  the 
importance  of:  learning  to  read,  fpeak  and  write  our  own^ 
language,  independent  of  all  others  ;  widi  a  plan  of  his  mode 
of  teaching,  and  the  advantages  to  be  ^derived  from  it. 

The  following  are  detached  extrads  from  the  above-men- 
tioned Treatife. 

I  «<  Thofe 


^  Thofd  who  have  not  ftudied  and  been  exercifed  in  reading, 
"  {peaking  or  compoTmg,  in  their  own  language,  will  not  do  > 
^*  either  in  fuch  a  manner  as  to  claim  or  deferve  attentroa  ; 
*^  and  it  is  the  talent  of  performing  them  with  eafe,  energy 
**  and  propriety,  which  we  call  eloquence. 

^*  People  arc  ufually  very  folicitous  to  have  their  children  ki- 
^*^  ftra£led  in  all  thofe  liberal  arts,  which  are  deemed  requifiteto^ 
•♦  perfed  them  as  Gentlemen  and  Scholars  :  and  furely  aft  no* . 
**  thing  contributes  more  to  this  intention,  they  would  not  omit* 
*•  oratory,  if  they  thought  it  was  to  be  learped.  They  liftea 
**  with  rapture  to  the  charms  of  eloquence,  but  are  not  aware* 
**  that  it  is  in  their  power  to  procure  this  incftimable  talent^ 
**  for  thofe  who  are  the  objedls  of  their  inceflant  care  and  daily 


€€ 


anxiety 


1* 


— **  This  can  only  arife  from  the  erroneous  idea  that  oratory  is 
**  not  to  be  taught  or  acquired.  Yet  no  art  is  mor?  fimple  in 
**  its  Principles,  or  clearer  in  its  rules,  and  no  rules  are  more 
**  eafily  reduced  to  praftice,  or  more  certainly  praftifed  with 
**  fuccefs.'^ 

— *^  It  is  granted  that  people  may  improve  themfelves  much 
**  by  private  declamation.  The  art  of  eloquence,  however, 
•*  is  in  this  refpefl:  like  fencing,  in  which  a  man  can  learn 
**  very  little  by  pufliing  againft  a  wall;  he  may  indeed 
^  ilrengthea  his  mufcles,  and  enable  hinifelf  to  bear  the 
•*  fatigue,  but  it  is  by  frequent  exertion  with  a  mafter  only 
^^  that  he  can  expeA  to  acquire  ikill* 

At  •Mt 


[4] 

•*  It  is  from  the  friendly  obfervationSf  the  oral  information, 
**  the  frequent  contentions  and  the  un retrained  correftions, 
**  of  a  ikilful  companion,  that  k  ftudent  in  oratory  can  derive 
**.  et!ential  improvement :  writing  alone  cati  no  mote  cdnimu- 
"  nicate  the  art  than  it  can_fpeech  to  the  dumb* 

**  Thofe  therefore  who  educate  their  children  for  eminent 
^*  ftations  in  life,  with  the  hope  that  they  will  one  day  render* 
•*^  themfelves  confpicuous  in  the  Senate,  the  Church  or  the- 
**  courts  of  Law  andjuftice,  without  having  them  grounded  in- 
*♦  the  firft  principles  of  eloquence,  expeft  to  reap  where  they 
•*  have  not  fown  :  they  muft  in  all  probability  be  difeppOmt- 

«  ed."-— 

* 

— "  There  is  fcarce  a  man  of  a  moderate  age  and  capacity  not 
born  with  fome  invincible  imperfe£lion  in  the  organs  of 
fpeech,  who  may  not  in  twelve  months  be  enabled  to  com? 
municate  his  thoughts  with  pleafure  to  his  audience,,  and- 
credit  to  himfelf ;  or  fo  to  read  the  JLiturgy  as  to  excite 
**  Devotion  in  the  moft  lukewarm,,  and  to  confirm  it  by  a  na- 
**  tural,  perfuafive  and  convincing  manner  of  delivering  the 
"  great  an'd  effential  truths  of  Religion ;  and  how  much  this 
"  is  to  be  wifhed'  is  left  to  the  opinion  of  all  who  haveheard 
**  the  difgufting  and  unedifying  manner  in  which  the  fineft 
*'  compofitions  are  generally  delivered  in  our  public  places  of 
**  worfhip,  andfeen  the  awkward  figures  fome  of  our  learned 
**  Senators  make  when  they  attempt  to  fpeak  in  Parliament.^'— 


— *'  We  have  hitherto  treated  only  of  the  moft  obvious  adVjan* 
**  tages  arifing  from  the  ftudy  of  eloquence.     On  a   clofer 

**  view. 


":  view,,  many  other  .important  benefits  will  be  found  to  bej> 
"  derived  from  it.  Of  thefe,  opening  the  mind,  improving.* 
**  the  heart  and  infufing  a  defire  of  know^Iedge,  deiferve  par- 
*«-  ticular' notice.  !  S\ich:is.  the;  tendency,  efFeft  audt  bebefif,  >bf 
**  the  mode  6f  inftrudion  hete  recommended  ;  for^^it^-ipplies^-* 
*•  direftly  tothe  underftandiiig  without  burtheiririgthe  me-^ 
**•  mery,  or  perplexing  the  mind,  the  youngeft  pupils  rec^ir^ 
«•-  to  it  with  delight ;  and  its  uncommon  fuccefs,.;.wlien  at-^ 
^^  tempted,  has  ari^n;  from  the  immediate  convidiotT^  Atliich-^ 
*«  they  feel,  that  our  path  to  knowledge  is  plcafant,  and* 
"  the  poffeffion  o£  it  highly  advantageous  and  defirable/' — » 

.  "  Our  youth)  are  generally  very  d'efedlive  In  thofc  polit^^ 
*^  Branches  of  Knowledge  without  which  clafficar  Learning  la 
^  of  little  ufe.  Their  manners  frequently,  continue  rough  and 
*'  puerile,  when  they  ought  to.  be  graceful  and  manly,  their 
**  fpeech  inarticulate  or  flovenly,  diflbnant  or.defeftive,  difr 
**  agreeable,,  and  often  unintelligible ;.  and  very  few,  evep. 
^  among  thofe  who  are  good  fcholars,  can  read  or  write  tlieir 
"  own  language  with  eafe  or  propriety :  .an  accompliflimcnt 
"  abfolutely  ncccflary  to  thofe  who  wi(h  to  derive  any  advan— 
•*  tage  from  extenfive  knowledge  or  profound  erudition/* 


«*  Young  People  are  naturally  emulous  of  the  company  of 
"  perfons  refpeftable  either  for  their  Rank  or  Abilities^  and  if 
"  they  pafs  their  time  with  low  or  ignorant  people  it  is  for 
"  want  of  being  properly  introduced  and  accuftomed  to  mix  in. 
'*  the  converfation  of  men  of  polifhed  manners  and  liberal  aC'- 
"  complifliments*"— — — 

— "  The  mode  of  Inftrudlion  here  recommended^  muft  necef* 
^  farily  in  its  Courfe  remove  thefe  Defedts,.  and  the  prejudices 

"  intailedi 


[     ^     ] 

**  in  tailed  on  them ;    and  promote  the  acqmfition  of  thofe 
**  ufefull  arts,  on  which  the  Succefs  of  life  fo  much  depends/* 

*'  In  the  profccution  of  it  thc^r  Curiofity  is  .excited  ^nd  di^ 
^*  redled  to  proper  objeds,  and  a  defire  for  general  knowledge 
the  great  foundation  of  excellence,  implanted  by  making  them 
acquainted  with  fuch  remarkable  things  iii  na,ture  and  art 
**  as  are  worthy  of  Attention.  Inftead  of  a  floveuly  or  ungrace- 
**  full  mode  of  fpeaking,  they  are  taught  to  deliver  their  fenti- • 
'<  ments  with  propriety  and  precifion  according  to  times  and 
^*  circumftances ;  confequently  their  manner  when  improper 
•* .  is  reformed  infenfibly,  and  without  appearing  an  obje£l  of 
*^  attention ;  their  Minds  are  cultivated  by  frequent  appeals 
"  to  their  underftanding,  and  their  judgements  regulated  by 
**  the  conftant  habit  of  obfervation  and  reflection,  exercifed 
in  a  Minute  enquiry  into  the  Truth  and  propriety  of  fuch 
thoughts,  as  they  are  direfted  to  in  the  courfe  of  their  ftudy. 
**  Thus  being  early  qualified  for  the  company  of  well  bred  and 
**  intelligent  people  they  appear  with  becoming  confidence  and 
*^  fatisfadlion  on  all  occafiong." 


4< 
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PHILOSOPHICAL 
TRANSACTIONS. 


XV,  New  Experiments  upon  Gun-powder,  with  occajional  OB' 
Jeruations  and  praSlical  Inf&ences  j  to  lohicb  are  addedy  an 
Account  of  a  new  Method  of  determining  the  Velocities  of  all 
Kinds  of  Military  ProjeSliles,  and  the  Defcription  of  a  very 
accurate  Kprouvefte  for  Gun'powder.  By  Benjaraia  Thomp- 
fon,  Efyy  KR,  5. 

Read  March  29,  1^81, 

THESE  experiments  were  ■undertaken- principally  with  a 
view  to  determine  the  moft  advantageous  fituation  for  the 
vent  in  fire-arms,  and  to  meafure  the  velocities  of  bullets,  and  the 
recoil  under  various  circumftances.  I  had  hopes  alfo  of  being 
able  to  find  out  the  velocity  of  the  inflammation  of  gMn-powder, 
and  to  meafure  its  force  more  accurately  than  had  hitherto  been 
done.  They  were  begun  in  the  month  of  Jdly  in  the  year 
Voi,.LXXI.  2  I  1778, 


220^  .  Mr.  THOMPSON'S  Eicpirlmints 

1778,  at  Stoneland  Lodge,  a  country  feat  of  Lord  oeorgk 
Germain's,  and  I  was  aflifted  by  the  reverend  Mr.  bale, 
Teftor  of  Withyham,  who  lives  in  the  neighbourhood. 

The  weather  proved  remarkably  favourable  for  our  experi* 
raents,  being  fcttled-and  ferene,  fo  that  the  courfe  of  Ihem  was 
never  interrupted  for  a  whole  day  by  rain  or  by  any  accident- 
The  ^mercury,  in  .the  barometer  flood  in  general  pretty  high, 
and  the  temperature  of  the  atmofphere  was  very  equal,  and 
moderately  warm  for  the  feafon.    In  order  that  each  experiment 
might,  as  nearly  as  poflible,  be  under  fimilar  circumftances,.  thev 
were  sill  made  between  the  hours  of  ten  in  the  morning;  and 
five  in  the  afternoon  :  and  after  each  difcharge  the  piece  was , 
wiped  out  with  tow  till  all  the  infide  of  the  bore  was  perfeftly 
clean,  and  as  bright  as  if  it  had  juft  colne  out  of  the  hands  of 
the  maker ;  and  great  care  was  taken  to  allow  fuch  a  fpace  of 
time  to  elapfe  between  the  firings,  as  might  render  thfr  heat  of 
the  piece  nearly  the  fame  in  every  experiment* 

A  defer iption  0f  the  apparMm. 

The  barrel  principally  ufed  in  thefe  experiments  was  made 
by  woGDoNt  one  of  the  moft  famous  gunfmiths  in  London  y 
•  and  nothing  can  exceed  the  accuracy  with  which  it  is  bored,  or 
the  finenefs  of  the  polifh  on  the  infidei.  It  is  made  of  the  very 
befl  iron,  and,  agreeably  to  Mr.  robins's  advice,  I  took  care 
to  have  it  well  fortified  ui  every  part,  that  there  might  be  na 
danger  of  its  burfling.  Its  weight  and  dimenifioas  may  be  ieen 
in  the  table  of  the  weight  and  dimeniions  of  the  apparatus^ 

p.  242* 

Fig.  !•  Represents  a  longitudinal  fedioa  of  a  part  (^  the 

-  barrel^  with  the  apparatus  firfl  made  uie  of  for  fliifting  the  veot 

from  one  part  of  the  chamber  to  anothei >  or  rather  for  movdbg 

the 
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tiie  bottom  of  the  chamber  further  from,  or  bringing  it  nearer 
to,  the  vent,  in  order  that;  the  fire  might  be  communicated  to 
the  powder  in  different  parts  of  the  charge. 

^,  ^,  reprefent  tl^e  lower  part  of  the  barrel, 

r,  is  the  breech-pin,  which  is  perforated  with  a  hole  four- 
tenths  of  an  inch  in  diameter,  the  axis  of  which  coincides 
with  the  axis  of  the  bore. 

Into  this  hole  the  Icrew  A,  »,  '^bout  four  inches  in  length,  is 
fitted  ;  to  the  end  of  which,  »,  that  pafTes  up  into  the  bore,  is 
fixed  apifton  o,  pj  which,  by  means  of  collars  of  oiled  leather,, 
is  made  to  fit  the  bore  of  the  piece  very  exactly.  The  end  of 
the  pifton  p^  neareft  the  muzzle,  is  of  brafs,  and  forms  a  move- 
able bottom  to  the  bore^  which  by  turning  the  fcrew  A,  ;/,  by 
means  of  the  hantlle  w,  is  brought  nearer  to,  or  removed  fur- 
ther from,  the  fixed  vent  v,  by  which  means  the  powder  is 
lighted  at  any  aflignable  diftance  from  the  bottom  of  the  charge. 

But  the  length  of  the  bore  being  altered  by  moving  the 
pifton,  which  occafioned  a  finall  inaccuracy,  and  fome  incon- 
venience attending  the  apparatus,  it  was  laid  afide^  and  ano- 
ther reprefented  by  fig.  2.  was  fubftituted  in  the  room  of  it, 

a  J  b^  is  afeftion  of  part  of  the  barrel  as' before,  and  c  is  the 
breechrpin,  which  being  perforated  with  a  fmall  hole  through 
its  center  receives  the  fcrew/i  ^,  which  is  about  two-tenths  of 
an  inch  in  diameter,  and  four  inches  long%  This  fcrew  being 
perforated  with  a  very  fmall  hole,  ferves  to  convey  the  fire  into 
the  chamber  of  the  piece,  and  by  fcrewing  it  further  up  into 
the  bore,  or  drawing  it  backwards,  the  fire  is  communicated  to 
diiferent  parts  of  the  charge. 

But  this  method  being  found  to  be  not  intirely  free  from  inac* 
curacies  and  inconveniencies,  a  third  was  fubftituted  in  the 

2  I  a  room 
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room  of  It,  which  was  found  to  aiifwer  much  better  than  either 
of  the  preceding. 

The  end  of  the  bore  was  now  firmly  cloied  by  a  folidbreech- 
pin  p^  fig.  3.  and  three  wtwZ  holes  rn^  »,  and  <9,  were  made  in 
the  barrel ;  one  of  them,  m^  even  with  the  bottom  of  the  bore, 
and  the  other  tvco  at  different  diftances  from  it.  Any  two  of* 
thefe  vent  holes,  as  n  and  0  for  inftance,  being  clofed  up  by 
Iblid .  fcrews,  a  perforated  fcrew,  or  vent  tube  t',  was  fcrewed 
into  the  thirds  which  ferved  to  contain  the  priming,  and  ta- 
convey  the  fire  to  the  powder  lodged  in  the  bore  of  the  piece. 

Sometimes  a  logger  vent-tube,  reprefented  by  fig.  4.  was 
made  ufeof;  which,  pafiing  through  the  powder  in  the  cham- 
ber of  the  piece,  communicated  the  fije  immediately  to  that 
part  of  the  charge  that  lay  in  the  axis  of  the  bare. 

Another  vent-tube  alfo  was  ufed  occafionaltv,  which  difters. 
in  many  refpefts  from  both  thofe  that  have  been  defcribed.  It 
is  fo  conftrufted  as  to  convey  the  fire  to  the  charge  ;  but,  asfooii 
:>s  the  powder  in  the  chamber  of  the  piece  begins  to  'kindle^ 
and  the  elaftic  fluid  to  be  generated,  the  vent  is  firmly  clofed  by 
a  valve,  and  no  part  of  the  generated  fluid  is  permitted  tcv 
elcape.  This  I  Ihall  call  the  valve-v^fit,  and  it  is  reprefented 
^  ^S*  5*  ^P^i^  3n  enlarged  fcale,  that  the  parts  of  it  may- 
appear  more  diftin6l:. 

a  J  by  is  a  longitudinal  feftion  of  a  fmall  portion  of  the  iblid^ 
lide  of  the  barrel. 

r,  dy  is  the  vent-tube,  which  is  in  all  refpeAs  like  the  (hort- 
vent-tube  con^monly  made  ufe  oi,  except  only  that  in  this  the 
end  of  the  .vent-hole  (^)  which  goes  into  the  chamber  is  en- 
larged in  the  form  of  the  wide  end  of  a  trumpet  or  funnel. 

To  this  enlarged  aperture  the  valve,  v,  is  accurately  fi.ttecf'^ 
and  by  means  of  the  fmall  ftem  or  tail,  /,  which  is  fixed  to  the 

valve> 
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valve,  and  which  pafles  up  through  the  vent-hole,  and  is  con- 
nected with  the  fpring  S,  the  valve  is  prefled,  or  rather  drawn 
into  its  place,  and  the  vent  is  clofed.^  .The  item  of  the  valve 
was  at  firft  made  cyluidrical ;  but,  in  order  to  make  way  for 
the  priming  ta  pafs  down  to  the  valve,  one-half  of  its  fubftance 
was  taken  away,  as  is  reprefented  in  the  figure^ 

When  tliis  vent  is  primed,  the  fpace  between  the  vent  hole 
and  the  ftem  of  the  valve  i^  filled  with  fine-grained  powder, 
and  the  valve  is  gently  opened  by  prefiing  upon  the  end  of  the 
ftem  till  one  or  more  grains  of  powder  lodge  themfelves  be- 
tween the  valve  and  the  aperture ;  which  preventing  the  valve 
from  clofing  again,  a  fraall  opening  is  left  for  the  paflage  of  the 
flame  into  the  chamber  of  the  piece :  therefore,  when  the 
priming  is  lighted,  the  fire  paffing  down  the  vent,  and  entering 
the  chamber,  ii>flames  the  charge,  and  the  fmall  grains  of  pow- 
der that  were  lodged  between  the  valve  and  the  aperture  being 
deftroyed  by  the  flame  in  its  paflage  through  the  vent^  the  valve 
immediately  doles,  and  prevents  the  efcape  of  any  part  of  the 
elaftic  fluid  generated  by  the  inflammation  of  the  powder  in  the 
chamber  of  the  piece.  The  prefliire  of  this  fluid  upon  the 
valve  afli?fl:s  the  aftion  of  the  ipring,  by  which  means  the  valve 
is  more  expeditioufly  and  more  cfFeftually  clofed. 

The  valve  was  very  accurately  fitted  to  the  aperture  by  grind* 
ing  tbern  together  with  powdered  emery,  and  afterwards  po- 
liftiing  them  one  upon  the  other.  And  it  is  very  certain,  that 
no  part  of  the  elaftic  fluid  made  its  efcape  by  this  vent  j  for,^ 
upon  firing  the  piece,  there  was  only  a  fimple  flaih  from  the 
cxplofion  of  the  priming,  and  no  ftream  of  fire-was  to  be  feeu 
ifiuing  from  the  vent,  as  is  always  to  be  obferved  when  a  com- 
mdn  vent  is  made  ufe  of,  and  in  all  othex  cafes  where  this  fluid 
finds  a  paflage^ 

.6  .In 
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In  order  that  every  part  of  the  apparatus  employed  in  thefc 
•experiments  might  be  as  perfect  as  poflible,  all  the  more  deli- 
cate parts  of  it  were  executed  by  Mr.  fraser,  mathematical 
inftrument-maker  In  Duke's  Court,  St.  Martin's  Lane,  and, 
among  the  reft,  all  the  contrivances  juft  defcribed  relative  to 
the  vent. 

The  velocities  of  the  bullets  w^ere  determined  by  means  of  a 
pendulum,  according  to  the  method  invented  by  Mr.  robins. 

The  pendulum  I  made  ufe  of  (fig.  6.)  is  compofed  of  a  cir- 
cular plate  of  hammered  iron  (^),  13  inches  in  diameter,  and 
0,65  of  an  inch  thick,  to  which  is  firmly  fattened  a  bar  of  iron 
(^,  c)  56,5  inches  in  length,  z,6  inches  broad,  and  half  an 
inch  in  thicknefs,  by  which  it  is  fufpended  by  means  of  two 
pivots  (^,  e)  at  the  end  of  the  bar  (^),  and  at  right  angles  to 
its  length.  Thefe  pivots  beuag  very  accurately  finifhed,  and 
moving  on  poliftied  grooves,  which  were  kept  conftantly  oiled 
to  leflen  the  fridion,  the  vibration  of  the  pendulum  was  very 
frtCj  as  appeared  by  the  great  length  of  time  its  vibrations  con- 
tinued after  it  had  been  put  in  motion,  and  was  left  to  it(elf# 
To  the  circular  plate  of  the  pendulum,  targets  pf  circular 
pieces  of  wood  of  different  thicknefles  were  fixed,  which  in  the 
courfe  of  the  experiments  were  often  fpoiled  and  replaced :  and^ 
in  order  to  mark  the  weight  and  dimenfions  of  the  pendulum 
in  each  experiment,  the  pendulums  are  numbered  according  to  the 
different  targets  that  were  made  ufe  of;  and  the  weight  and 
dimenfions  of  each  pendulum  are  fet  down  in  a  table  at  the  end 
of  the  defcription  of  the  apparatus. 

The  target  of  the  pendulum  N°  i.  was  made  of  a  circular 
piece  of  elm-plank,  3!  inches  thick,  and  equal  in  diameter  to 
the  iron  plate  of  the  pendulum  to  which  it  was  fixed  ;  but  thia 
target  being  too  thin  was  very  foon  ruined. 

The 
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The  pendulum  N°  2.  was  furnifhed  with  two  targets,  which 
were  circular  pieces  of  very  tough  oak-plank,  near  five  inches 
thick,  placed  on  oppofite  fides  of  the  plate  of  the  pendulum, 
and  firmly  fixed  to  it  by  fcrews,  and  to  each  other  by  iron 
ftraps*  When  one  of  thefe  targets  was  ruined,  the  pendulum 
was  turned  about,  and  the  other  was  made  ufe  of.  This^  pen- 
dulum lafled  from  experiment  N^p.  to  experiment  N*'39:^when  it 
was  fo  much  (battered  as  to  be  rendfered  unfit  fiDr  further  fervice^ 

The  pendulum  N''  3*  was  like  the  pendulum  N**  z,  ;  only^. 
infte^i  of  oak,  elm-plank  near  feven  inches  in-  tliicknefs  was; 
made  ufe  of  for  the  targets.     This  pendulum  ferved  from,  ex- 
periment N"*  40.  to  experiment  N°  louinclufively- 

But  finding  that  targets  madie  of  pfonks^  of  tbe  tougheflr- 
wood  were  very  foon  Ihattered  to  pieces  by  the  bullets,  I  com- 
pofed  the  pendulum  N""  4.  in  a  dijEFerent  manner.  Inftead  of 
circular  pieces  of  plank,  fblid  cylinders  of  elm-timber  were 
made  ufe  of  for  the  targets,  fo  that  the  bullets  now  entered 
the  wood  in  the  diredion  of  its  fibres^  Thefe  cylinders  are 
13  inches  iir  diapiet<;r^  and  about  5;!  inches  m  length,,  hooped; 
with  iron  at  both  their  ends,  to  prevent  their  fpUtting,,  ai)d 
firmly  faftened  to  the  plate  of  the  pendulum,. and  to, each  othef, 
by  four  iron  ftraps.  This  pendulum  laiied  till  tjie  experimepts 
were  finiflied.  It  is.ftilt  i»  t^i^  :^^  appears  to  ^  very  .l^t^ 
the  worfc  for  the  fervice  it  has  undergone. 

■ 

Fig.  7.  -fhews  the  two  ends  of  the  pendulum  uj)on  a  krgc- 
fi:ale,  together  with  the  hook&  or  grooves;  by  iyb,ich  it  was» 
flifpendedf^  ,  .  •  .^    , 

^,  bj  is  the  bar  of  the  pendulum,  which  is  feen  brokea  of^ 
as  there  is  not  room  to  fhew  the  whole  of  its  loigtlu 

Cy  dy  are  the  pivota  by  which  it  wa3  fiiipended* 

/« i» 
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f ,  IS  the  circular  plate  of  the  pendulum,  to  which 

fy  g,  two  circular  targets,  are  faftened  by  fcrews,  and  by 
means  of  the  iron  ftraps,  i,  2,  3,  4,  which  are  nailed  to  the 
edges  of  the  targets. 

A,  ky  are  the  hooks  which  ferved  inftead  of  grooves  to  receive 
the  pivots,  r,  ^,  of  the  pendulum. 

The  hooks  were  firmly  fixed  to  the  horizontal  beam  R.  S. 
which  fupported  the  whole  apparaitus  by  means  of  three  fcrews 
m,  «,*  ei,  which  pafled  through  three  holes  in  the  plate  that 
connefts  the  two  hooks.  When  the  hooks  were  faftened  to  the 
beani,  the  middle  fcrew,  «,  was  firft  put  into  its  place,  and 
the  pendulum  was  allowed  to  fettle  itfelf  in  a  pofition  truly 
perpendicular,  after  which  the  grooves  were  immoyeabiy  fixed 
by  means  of  the  fcrews  m^  0. 

The  chord  of  the  arc,  through  which  the  pendulum  afcended 
in  each  experiment,  was  meafured  by  a  ribbon,  according  to  the 
method  invented  and  defcribed  by  Mr.  robins. 

The  recoil  was  meafured  in  the  following  manner.  The 
barrel  was  fuipended  in  an  horizontal  pofition  (and  nearly  in  a 
line  with  the  center  of  the  target)  by  two  fmall  pendulous 
rods,  64  inches  in  length,  and  25,6  inches  afunder ;  which 
being  parallel  to  each  other,  and  moving  freely  upon  poliflied 
pivots  about  the  axes  of  their  fufpenfion,  and  upon  two  pair  of 
trunnions  that  were  fixed  to  the  barrel,  formed,  together  with 
the  barrel,  a  compound  pendulum;  and  from  the  lengths -of 
the  vibrations  of  this  pendulum,  the  velocity  with  which  the 
barrel  began  to  recoil,  or  rather  its  greateft  velocity^  was  deter- 
minetl. 

« 

But  in  order  that  the  velocity  of  the  recoil  might  not  be  too 
great,  fo  as  to  endanger  the  apparatus  when  large  chai|;es  were 

made 
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made  ufe  of,  it  was  fouil^  neceflkry  to  wai  the  barrd  witn^h 
aiiitio^alwaghior^feV-aiart^V&'fbs:'^  ^  ^  '"^ 

rwge^  as  it  was  fo  conftrufted  as  to  ferve  as  a  carriage  tb  ^  thfe 

r^np,'1;6lii Aes'kt^ii^-^iid  ^W^^  tt«i  iii  thTckneftr ^Wa 
is  bent  in  the  middle  of  its  length  in  fuch  a  manner,  that  lb 

two  flatla^nP  ete^  are  paTilfeK^^e^Ti-  cyittf^JVnt!  aifhnt 

afunder  two  inches.    In  the  middle  of  thts  Bar^^^ei'&it'ts  6ent 
ls''l^8l^T^^rilfofeijM'iil^oSg*(W,VKlch?^-^ife?«^^^^ 
chd-of 'l!K^%V^cfi-^lA?  =fSill)dfly  tte  tef  «;A*M^r6rt:fr6r  ^Is 
barrel.    The  other  end  of  the  barrel  is  fupported  and  coimom 

fi<^ialf 
iK'k  •Ver- 
tical pofition  between  th6?parailel  (id^'^  i^he' Wf.^al'ft^Sfft 
two  encfs;  an'd  •fii^ii5ly^MeH'fe^hS^«!>y>TRikv^.2*"  Tfleraiarel 
paltiiig'tArodgh  tK^'fefldK  of  Ai:s'  r?h'|  is  fi^pietf  Apoh^^he 
erfds'SrthyefcreWi'.  Hkfeh'jiAh^'tott^?^ 
ferent  parts  of  its  circumference  all  point  to^^rflsifttiintiftr.- ' 
The  carriage.  togA^eP^(fairtK??llfrfii'W'ffiftfei^Vtho 
'paaiU'iaas  fcy  mW'o^ Wi^o'  i«r^  ^md^tfiMio'ds-that 


of  Ae  bore,  .!>'>!)n^q>a->  acw  zi^iud  orfi  i^ 

•  •4i^.*8'.^l>reTen1f^^i?:tekli^^  .--"^  «^ ;^ 

tf,  ^.  c,  is  the  bar  qf  iron  which  forcns  thSsSffttigfe'Te^ 
li^g^^jKf  Yfim  2L'lmnqnn  sf^l  ^^  Jirq  -^lava  "^n  Jnorlnomib  oHT 


Vol.  LXXL  .  a  K  *      Fig, 


•  ♦• 


3^8.       ,       ,     Mr.  rnq^vsov^s^  Experiment 

Fig.  9.  repfrefents  a  pei^'endicular  ie^oa  through  the  iih^ 
2ft  5,  fig^ft^  .^n4  in  .arlifl?-;aP'^pcxidiCular..to  the  kngfji  of  the 

,,;  TliUkfTgijreis  defigjaed,.toi!fiew^*^^  U). which  the- 

xauple  of,.tJ3«  pt^qe,  1v;a^  ^upj^)««fiaad<%niSoie(t  i|i  .the  ibg  ii|» 

^,  tf^  €.  fj-e  the  two  ewk  of,  the  bar.th^f  a»  (eeo  eutoC 


•  »         « 


3:1^^:!?^?:'%'^  »*^-'     .•   .:   '  ..-    Vi  ;  i       '  '  '  •  -> 


>(^«<,i^     tA    \j**j 


,j,;^,^,^,jthe^fews  hjr  wj^tthif  is  fiUlened  tp  tb^twOtpay^loE 
W  pfi.the,|b^^  Ithe.iaiis'^tf'^'wl^^  truiin|^jis  2,  z^ 

jftP<!f*»P#P.ed.^*he^e«^er  «^  ?^.ri.^!;:;.  .. .     -   "  , .  :.:„ 
I- .  K\^".m  »s  the  riflpa<^^s  ^^,9.  but  u^nt^i Jarg«r:  |car<^.^ 
sr:':;^!  hh'.^.^^^^  '^*.  '-^^^  «^d&^f  one.  of  tl^e  j^ndiiloos; 
!^^Sr|)y,,Ti{^iid^iii«biM:raI,^^  fiifpcn^jji;  5n4  fig.  ij^jjfheW&thc: 

of  the  bullets  was  fufbended..  »     ' 

i59J!H%SW23SSrij  ;jiu:ol   tbin'v/   f.<.  ,   iy    tBcJ  0  -^  ^t  .-^   /i   .^ 

The  dimenfions  of  every  part  of  this  apparatus  mgy  pe  m^ 
Tiie<li0rd  of  the  arcjchcotisfr  whicnthe  barrel,  afcended  in- 


jhift  velo- 
citjr 


dty  of  thcj  recoil  from  the  chord  of  the  arc  through  ^ich  thq 
barrel  afcended,  is  too  well  knowa  tq  require  •  aii  explanation : 
and  it, is  .^fo.  well  known,  that,  the  velocities  are.  to.e^jph  o(her 
-aSitbe  chords  of  thofe  arqs.  The  lengths  of  thofe  choj-ds, 
therefore,  as  they  are  fet  down  in  the  tables,  are^  in  all  pafes, 
as  ^e.velocities  of  the  recoil. 

The  powder  made  ufe  of  in  thefe  experiments  was  of  th*' 
beft  kind,  fuch  as  is  ufed  in  proving  grea.t  guns  at  .Woolwich, 
A  cartridge,  containii^  12  lbs.  of  this  powder,  \y^s  given  to 
me  by  the  late  General  desaguli;ers  ot  the.  Royal  Artillery, 
and  Inu)e6U)r  of  Brafs  and  Iron  Ordnance ;  who  alfo,,-  in  the 
politeft  manner,  offered  me  every  other  affiftance  in  hispower 
towards  completing  the  experiments  I  had  proje^ed,  or,  in 
making  any  others  I  fhould  propofe  that  might  be  ufeful  in  the 
jprofecutipn  gf  my  incjuiries. 

This  powder  was  immediately  taken  out  of  the  c^rtri^ge^ 
and  put  into  glafs  bottles,  which  were  previoufly  .made  very 
clean  and  dry ;  and  in  theie  it  was  kept  carefully  fealed  up  till  it 
was  opened  for  ufe.  When  it  was  wanted  for  the  experiments. 
It  was  weighed  out  in  a  very  exad  balance,  with  fo  much  atten^ 
tion»  that  there  could  not  poffibly  be  an  error  in  any  inftahce 
greater  than  one  quarter  part  of  a  grain.  The  bottles  were 
never  opened  but  in  fine  weather,  and  in  a  room  that  was  free 
from  damp,  and  no  more  charges  of  powder  than  were  necef* 
faiy  for  the  experiments  of  the  day  were  weighed  out  at  a  time. 
JBach  chargp  was  carefully  put  up  in  a  cartridge  of  very  fine 
paper,  and  thefe  filled  cartridges  were  kept  in  a  turned  woodea 
box,  that  \7a$  vamiihed  on  the  infide  as  well  as  the  outfide/to 
prevent  its  imbibing  moillure  from  the  ain 

The  paper  of  which  thefe  cartridges  were  made  was  fb  fine 
and  tbioj  that  1280  Iheets  of  it  made  no  more  than,  an  inch  Ssf. 

.       2  K  2  thicknefs. 
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r     •    • 


thickiifefs/  ^n¥i  cartndge  capable  of  containing  K^F* a!n 'dunce 
of  pov^dtt\^i%htd  but  thriee  quarters  of  a  gfain*     *      * 

^Tlhe  cartVidges'' were  formed  upoil' a' wooden  tylinder,  and 
ftccUfately  ^tted  to  the  bore  of  the  piece,  and  the^edges  of 'the 
tiape?  wer^*ifa6ehed  together  with  paftemacle  of  flofif  liiA  wzter. 

When  a  cartridge  was  filled,  the  powder  Was  gently  ihakeii 
tqgellKefj  ind^rts 'mouth  was  tiedup  andYecuredwith'apleCcof 
linethreacl;  anil  when  it  was  macle'ufeof  it  was  put  intire  ifito 
the  piecej  and  gently  pCifhcd  down  into  its  place  witfe  tlie  ram- 
fed»  aiid  ait^wards  it'w'as  pricked  with  a  priming- wive'thfufl 
through  thtVeht,  and  the  piece  Was 'grimed ;  fo  that  ho  |)art 
of  the  pbwder  of  the  charge  was  lodft'in  the  aft  oP'loiding,  as- 
is  always  the '  Cafe' wheh  the  powder  is  put  loofe  into  tW  barrel  t 
iidr  was  any  part  of  it  expended  in  primmg ;  but- rho  whole 
quantity  was  fafely  lodged  in  the  bottom  of  the  bore  or  cham- 
feer  olf  the  piece,  and' the 'bullet  Was  put  doWii' imin&diately 
upon  It'y  without  any  wadding  either  betweea  tne*  cartridge 
ana  tfii  bullet,  or  over  the  bullet. 

The  bullets  were  all  caft  in  the  fatoe  mould,  *'and  cohie* 
quently  could  not  v&ry  in  their  weights  ibove  two  6r  three 
Vrain^  kt  mpA,  efpecially  as  I  took  care^b  brifig  the  mould  to  a 
proper  temperature  as  to  heat  before  I  began' caftmg ;  dad  when 
leather  Was  put  about  'them,  or  otter 'bullfets  thahVh'6(e  of  lead 
were  made  ufe  of,  the  weight  was  determiiled  very'exacrly  beipre 
they  were  put  into t^e piece.  '    .'  /  '  '  '     , 

llie  diameter  of  the  bullet  was  ^eteriniried  tiy  iSc&fuWnient 
^nd  alio  by  computation  from  its' weight?,,  iaiidt  the' ^eCifiC  gra- 
vity of  the 'metal  of  whjch  it/ was^^/^  thefa 
methods  gave  the  fame  im?hfi6hi.Vefy^nearW^ 

The  apparatus  was  put",  up  for  making  the  experiments  in  a 

foach-'boul*e,*  whicb Va^  fi'un'd ^ery  V(^kwiefl^ forthft'jJW]^^ 

1  as 


as  the  joifts  upon  which  the  flcx)r  over  head  was  laid  afForded  a 
firm  and  commodious  fupport  for.fufpen^ngthe  pendulum  and 
the  barrel,  and  the  iKaUs.  and  roofs  of  the  building  ferved  to 
fcreen  the  apparatus,  which  otherwlfe  might  have  been  difcom- 
pofed  by  the  wind,  and  injured  by  the  rain  and  dews.  A  pair 
of  very  large  doors,  which  formed  the  whole  of  one  end  of 
the .  room,  were  kept  conftantly  open  during  the  time  the 
experiments  were  making,  in  order  to  prefqrve  the  purity, of  the 
air  within  the  houfe,  which  otherwife  would  have  been  much 

•  •  •  '  •       * 

injured  by  the  fmoke  of  the  gun- powder  ;  and  that,  in  all  pro- 
bability, would  have  had  a  confiderable  efFe£l:  in  leiTening  the 
forCfe  of  .the  powder,  and  vitiating  the  experiments.  In  order 
(till  further  to  guard ;^gain{l  this  evil,.. the  barrel  w^s  placed  ^^ 
near  as  poiCble  to  the  door,  and  the  pendulum  was  hung  up  at 
the  bottom  of  the  room..  ... 

Fig.  1 2.  reprefents  the  apparatus  as  it  was  put  up  for  making 
the  cxperimeilts. 

a^-ij  is  rtie  barrel ' with 'iK  cimage;  fufpehded  fay  the  pendu- 
lous'rods  r,l/,  and  *  •  ^'  '  i  '    .        .  . 

R,  is  the  ribbon  ^kh  fetV^d  tb'  ixi^a'i^re  the  afcending  arc 
of  its  recoil.  , 

P,  is  the  pendulum,  *ahd 

f,  the  nW)flfn  thjt  Bp«afured  tiie"^flc ijf  ttsvil^iafiom  / 
.  Th<!::ditece  fir^m  (be  cofouth  o£  ^rpiec6>to  tl^^feaduittin 
wasjuft  i2feet^  .  '      .    .   < 


»  ill        '  J  / ' 


,»•♦••       "^      «  *  ♦ 


4   «,««  »>  •»  •  •t/'.J* 


A  tabu 
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A  table  Jhewlng  the  weights  and  dlmenjums  of  all  the  frlnapcdr 

parts  of  the  apparatta. 

Of  the  barrel. 

Inches. 

Length  .  ,  .  .  •  44,7 

Length  of.  the  bore  from  the  muzzle  to  the  treech-pln  43f 45 

Diameter  of  tlie  bore  '-.  ,  •  *  0,78 

Thicknefs  of  metal  at  the  lower  vent     *  \»  •  0,36 

Thicknefs  of  metal  at  the  muzzle  ».  .  o>J 

Weight  of  the  barrel,  together  with  the  folid  breech-pin,  and 
the  vent-fcrews  and  vent-lul)e,  6  lbs.  6  02. 

Of  the  gun  carriage. 

Length            «            •            •              «  I            28,4 

Diftance  between  the  two  pdr  of  tniimions  I        z$^6 

Diameter  of  each  trunnion            •            •  f           0,25 

Weight  40  lbs.  14  oz« 

Hf  the  rods  by  which  the  carriage  wasfufpended. 

Length  from  the  asis  of  fufpenfion,  or  center  of  the  piivots,  to 
the  center  of  the  trunnions  of  the  gun  carriage,  ^4  inches. 

Weight  of  each  rod,  x  lb.  4  oz. 

Totd  wdght  of  the  barrel  and  its  carriage,  together  with  the 
allowance  that  was  made  -for  the  weight  of  the  rods  by  which 
it  was  fufpended,  4S  lbs* 

N.  B.  This  was  its  weight  from  experiment  N*  j.  to  experi- 
ment N"*  123.  Indufive. 

or 


f^1hf9H»Sfl^X 


<  1 1 


Ml 


Of  tie  bullets 


0^75  of  an  inch. 
Weight  in  Jead  fjo'gralns,. 

^tbt  pendulums 


#  « *  *  f 


A         I  »  I 


•      •  *  1     •     •         t 


•   *.    *  ▼    * 


Total  length  of  tnepoidulum  £i;oca  ^i^e  axis  of  4u(ben^, 
lion*  to  the  bottom  of  th&  circular  plate  ..  59,5: 

IMameter  of  the  circular  pLate  tO' whick  the  targets  were 
faftened  •.•-••  ».  %%%^ 

Diftatnre  between  the  fhouldess  of  the  [Hvots  ^  3,8^ 

Diameter  of  the  pivots  •.  •  ..  ,27 

Weight  a£  the  iron  part  of  die  pendulum  47  lb.  4  oz* 

Of  the  pendulum  with'  tbt  tiargets  fixed  to  it^,  as  it  was  prepared 

for  inaking  the  experiments^  and  numbered.. 


Pendulum  N""  i 
N% 


length 

to  the 

ribbon. 


'    Diftance  from  the  axis  of 
fufpenfiom 


Inches. 


69,25 
69*5 


HM^ta 


To  the  center 
of  gravity. 


Inches. 


54*4 
54.6 


To  the  center 
of  ofcillatioA. 


Inches* 


58»4S 

S9t>5 
60^23 

59^ '8 


TouT 
weight  of 
iron  and 
wood. 


lbs.  oz. 


8a    4 

100    X2 

i    88    4 


N.  B:  The  meafure  18  Ehglifll  feet  and.  inches,  and  the 
weight  is  avoirdupois. 

''  Having 
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t^  Mr. 

Having  now  gone  tErough  the  defcription  of  all  the  prin- 
cipal parts  of  the  apparatus,  I  fhall  proceed  to  give  an  ac- 
count of  the  experiment  -*  Add^  ais  it  may  be  fatisfadfcory  to 


riments  in  the  exadl  order  m  which  they  were  made,  together 
with  my  original  remari^jjl.ihall  thf^  make  fuch  general  ob- 
(ervatiohs  as  may  occur :  and  afterwards  I  (hall  feledt,  combine, 
and 
fcrciit 


^       r 


4  > 

r 


»  1 


%trV      fX^i       ^tt.J         «>        ^..^t^AA^i^AA  J  »  »  * 


«     >  I  •    >    ^\ . 


.  I     I    • 


c  (x  .dl  \  ^ 


r .  I 


r.  ./.  r: 


/■  •  *^ 


4    ^iJ'. 


•    •    <■ 


♦ 


»       T 


.  .  t,    I 


I 


'»'»*' 


t    . 


.     ^    t 


*       ( 


•  ^1 


,  ».> 


It 


1 


•t\ 


I 


t 


«     1 


1:3 


♦•1    »♦    I 
'* « 


i 
•    J    • 


ll. J f'«f^ « 


■  —  I   ^' 

•-■ — — •  ii         r   I 


:*'   i' '-;:-■   .  .-.•   ?«->l   ff>.*"   f.  '    «i   ^t•nr:'•\   -..iV    51    .''.1 

* 

General 


vpon  Gtm-fpwdfir^  ice 


Hi 

4    ~ 


General  table  of  ijbe  experiments^ 

In  the  two  firft  experiments  the  Ijarrei  was  fized  to  a  carriage 
(that  has  not  been  defcribed)  which,  together  with  the  barrel 
and  rods  by  which  it  was  fufpended,  weighed  only  23^. 
Length  of  the  bore  of  the  piece     43,5  inches. 
Weight  of  the  bullet     580  grains. 

The  pendulum^  N""  i^ 


Order  of  the  expe- 
riments. 

The 

charge  of 

powder. 

Vent  from  the  bot- 
tom of  the  charge. 

Chord  of  the  alcend- 
ingarc  of  the  pen- 
dulum. 

The  bullet  (truck  the 
target  below  the  axis 
of  the  pendulum. 

s"      Chord  of  the  arc  of 
the  recoil. 

0 

> 

Ft.in 
Sec. 

Remarks. 

1 

Weight. 

Sf       Height. 

2 

Grs. 

208 

•  • 

In. 

Inches. 

Inches. 

Firft  day. 

• 

1,8 

0, 

13»* 

64.S 

•  •  • 

33.5 
36,5 

1267 
1399 

This  .gun  carriage  being  found  to  be  too  light,  the  other, 
defcribed  y  and  reprefented  fig«  8.  was  fubftituted  in  the  room  of 


It. 
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Order 
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y 

I  ^ 

a. 

01 

s 

-a 

D 

N«    3 

4 

5 
6 

1 

7 
8 

9 

lO 

II 

12 

13 

• 

15 
16 

»7 
18 

19 

2C 
21 

22 

23 

■   •24 

The 

charge  of 

powder. 

2^ 
^£ 

1- 

a  B 
w   c 

>  *- 

1 

rn. 

0 

.5 

0 

,5 

0 

.     • 

0 

•   • 
0 

1,22 
2,65 

.    . 
2,65 

.    • 

2,65 
0 

0 

.    • 

^3* 

.  . 

•  « 

Chord  of  the  afccnd- 
ing  arc  of  the  pen- 
dulum. 

i  he  bulletftruck  the 
target  below  the  axis 
of  the  pendulum. 

o>  '0 
0    V 

•H-2 

0 

0 

0 

xs 

^    • 

> 

Kt.in 
fee. 

1213 

1281 
782 

H59 

1527 
1801 

1646 

1748 
2060 

•     . 
16I9 

1633 
1084 

1093 

107  li 

^035 
1142 

Remarks. 

• 

60 

Grs. 

208 

.  • 

•  • 

•  • 
.  • 

416 
208 
104 
310 

•  . 

•  • 

330 
330 

•65 

«  • 

[n. 

1,8 

•  . 

•  • 

•  • 

1,8 

,9 

2,7 

•  • 

2.9 

*  •  • 

2.7 
2.9 

.  . 
1.45 

Inches. 

Inches. 

[nche;. 

Second  day. 

The  pendulum  gave  way. 

4  bullets  were  fired  at  once. 

Dicco. 

Without  any  bullet. 

Ditto.  . 

Pen.  N**  2  J  vcryfairj  3d  day. 

The  powder  was  lighted 
^  by  the  long    vent-tube 
(fig.  4.). 

The  barrel  very  mucbhsatcd. 

• 

•  The  fliort  vent-tube  (v, 
fig.  3. )  was  made  ufe  of. 

12,6 

8,5 

9.6 
10,1 
ii,8s 
10,9 
10,9 

13.25 

... 

10,4 

•     •     . 

6,8 

6,8s 

6,7 

63 

7.5 

65, 

65. 

65-25 
64,6 

65. 

64,75 
65^25 

61,5 
63.5 

•  .  • 

63,5 

63. 
62,2 

... 
... 
60,6 
61,5 

17.8 
i8,s 

38,68 

38,48 
6,1 

16,5 
17,69 

10,18 

24,69 

24,95 
24,9 

... 
26,2 

... 

12,7 
26,3 
26,4 

14,73 
14,2 

14,8 

14,58 

14,68 

In  order  to  determine  how  much  of  the  force  of  the  powder 
was  loft  by  windage  and  by  the  vent,  oiled  leather  was  £iftened 
round  the  bullet,  fo  that  it  now  accurately  fitted  the  bore  of 
the  piece ;  and  iu  the  five  experiments,  from  N**  35.  to  N*  39. 
inclufive,  the  valve-vent  was  made  ufe  of. 

Weight  of  the  bullet,  together  with  the. leather  in  which  it 
was  enveloped,  603  grains. 


ft  t 


Order 


upon  Gutt'-powderj  Sec. 


247 


»<        charge  of 

t       1 

kthe 
'  axis 
n. 

c  of 

the 

0 
0  B 

0 

pow 

0 

der. 

• 

0  2 

■£•5 
3  1 

re  J3 
«    0 

0    M»- 

le  bullet  ftruc 
get  below  the 
the  pendulur 

ord  of  the  ar 
the  recoil. 

Velocity  of 
bullet. 

Remarks* 

0 

^ 

In. 

jj;  s 

.  .  .3  "U 

,S2 

Ft.in 
fee. 

Grs. 

In. 

Inches. 

Inches. 

Inches. 

as 

165 

1.45 

0 

6,8 

6s, 

H,9S 

1004 

Fourth  day. 

26 

•  • 

•     • 

•     • 

7,8 

•    •    • 

15*6 

i^S3 

27 

•  • 

•     • 

•     • 

8,05 

•    «     • 

i6»i5 

[192 

28 

330 

2.9 

•     • 

10,2 

63, 

26, 

ISS9 

29 

•  • 

*    • 

-S6 

•    •     • 

64, 

28,1 

1S36 

30 

165 

3>2 

•    • 

6,65 

62,4 

^3»2 

914 

' 

31 

•  • 

'>45 

1^3 

62»6 

15*15 

1027 

Finding  that  the  blaft  of  the  powder  always  reached  as  far  as 
the  pendulum,  when  large  charges  were  made  ufe  of,  and  fuf- 
pefting  that  this  circumftance,  together  with  the  impulfe  of 
the  unfired  grains,  might  in  a  great  meafure  occalion  the  appa« 
rent  irregularity  in. the  velocities  of  thfe  bullets;  to  remedy 
thefe  inconveniences,  a  large  flieet  of  paper  of  a  moderate 
thicknefs  was  ftretched  upon  a  fquare  frame  of  wood,  and  in- 
terpofed  as  a  fcreen  before  the  pendulum  at  the  diftance  of  two 
feet  from  the  furface  of  the  target. 

Two  reafons  confpired  to  induce  me  to  prefer  this  method  of 
preventing  the  impulfe  of  the  flame  upon  the  pendulum  to  the 
obvious  one  of  removing  the  pendulum  further  from  the  mouth 
of  the  piece ;  the  firft  was,  that  I  was  unwilling  to  increafe  the 
diflance  between  the  barrel  and  the  pendulum,  left  the  refiftance 
of  the  air  might  afFeft  the  velocities  of  the  bullets ;  and  the 
Iccond,  which  I  confefs  did  not  operate  lefs  ftrongly  than  the 
iirft,  was,  that  the  length  of  the  houfe  did  not  admit  of  a  greater 

2  h  z  diftance, 
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diftance,  and  I  was  unwilling  to  expofe  any  part  of  the  appa* 
ratus  in  the  open  air.. 

But  the  fcreen  was  found  to  anfwer  perfeftly  well  the  pur- 
pofe  for  which  it  waS  defigned,  and  it  was  continued  during  the 
remainder  of  the  experiments,  the  paper  being  replaced  every 
third  or  fomth  ex.periment. 

The  experiments  continuei. 


Order  of  the  expe-l 
riments.          | 

The 

charge  of 

powder. 

p"        V  ent  trom  the  bot- 
tom of  the  charge. 

Chord  ot  the  afcend 
ing  arc  of  the  pen- 
dulum. 

bullec  flruck  the  tar- 
get below  the  axis 
of  the  pendulum. 

Chord  of  the  arc  of 
the  recoil. 

Velocity  of  the 
bullet. 

Remarks. 

Weight. 

Height. 

■  N" 

32 

>   33 

34 

li 
is 

.    3Q 

Grs. 

165 

. 
290 

In. 

inches. 

1 

Inches. 

Inches. 

Ft.in 
fee. 

'"  Not  Icatliciec! ;    weight    of  the 

bullet  and  wad  603  grs.     In  exf. 

s     N<^  32.nolers  than  40  large  grs. 

1     of  unfircd  powder   were  driven 

V.   through  the  fcreen. 

'In  thefe  6  experiments  the 
bullets    were   leathered, 

'    and     the     powder    was 

1  lighted  by  the  valve- 
vent. 

•  The  pend.  N°  2.  ruined. 

i»45 

.      a 
•     • 

0 

•  • 

'.3 

2,6 

5.45 

... 

7.9 

7, 
7,4 

8, 
9, 

•     •     . 

63. 

... 
... 

60,25 

62, 
61, 

58,6 
... 

15.45 
»2,65 

15.45 

15.25 
16,3 

17.9 

23.5 
24  8 

839 
839 

1217 
1*129 
1161 
1277 

1497 

•          • 

The  bullets  were  now  put  naked  into  the  piece,  and  the 
powder  was  lighted  by  thefhort  vent-tube  (v,  fig.  3)  andfome 
little  improvement  was  made  in  the  fteel  edges  between  which 
the  ribbons  pafled  that  ferved  to  roeafure  theafcending  arcs  of 
the  pendulum  and  of  the  recoil,  by  which  means  the  friftiont 
was  leflened,  and  the  ribbon  was  prevented  from  twifting  or 
entangling  itfelf  as  it  was  drawn  ouL 

2^  Apparatus^ 


i^on  Gun-powdery  &c. 


2!^ 


Apparatus 

The  barrel  with  its  carriage  as  before. 

The  pendulum,  N""  3,  and 

Leaden  bullets,  weighing  580  grains  each. 


Remarks. 


f5th  day;  medium  velo- 
city in  thcfr  experiments 
and  N°47,  1225. 

Medium  velocity  1276 


^  Medium  velocity  1427. 


Medium  velocity  1493. 


Medium  velocity  1460. 


In  thcfe  4  experiments  the  piecr 
was  fired  with  j'Owder  alone,  and 
the  fcreen  was  ttkcn  away  from 
before  the  pendulum. 


Oj^der. 
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*- 


a, 
o 

S  E 


"3 


The 

charge  of 

powder. 


I 


N' 
62 

tl 

66 
67 
68 
69 
70 

71 
72 

73 
74 
75 


.fiP 


Grs. 


330 


8 


a: 


In. 


2>9 


4irf 

o 
o 


c 


> 


o 
E 


1-0  a 

D  - 

♦-  O 

o  *^  <: 

°  Is  6 

-a  «  § 


In. 


1.3 

•  • 

2,6 

•  • 

o 

•  • 

o 

•  ■ 

1.3 

o 

•  • 


Inches. 


8, 

8,5 

7,2 

7,7 

8,4 

8, 

6,82 

6,6 

6,8s 

5,5 


m 


<^  X  a 

w    OS  C 

w    t,  ^ 

I » s 

S^  a- 

«^  « 

I   MO 


id   o 
O   a> 

o 


o  *z 


u 


inches.  Inches. 


63. 
65, 

59»5 
65, 

•  •    • 

•  •     • 

64,6 

•  •  • 

•  •  • 


26,4 

•  •  • 

25,3 


•  • 


26,3s 

2S,H 
19,56 

18,2 

19,12 

16,33 
8,72 

8,44 

8,47 

9-3 


Fuin 
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495 
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556 

349 
294 
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1  6th  day ;  medium  vclo- 
J    city  1625. 

I  Medium  velocity  1528. 
I  Medium  velocity  1594. 

The  powder  was  rammed  rerj  hari 

Ditto  much  hard<;r. 
Ditto  as  hard  as  in  N*'  68. 
o86|Ditto,  ditto. 

—     Government  powder,  no  bullet. 

—  Beft  doable  battle  powder. 

—  Government  powder, 

—  JOouble  battle  powder.  j 


The  following  experiments  N""  78,  79,  80,  and  81.  were 
made  in  hopes  of  being  able  to  difcover  a  method  of  adding  to 
the  force  of  gun-powder.  Twenty  grains  of  the  fubftances 
mentioned  in  the  remarks  upon  each  experiment  were  inti- 
mately mixed,  with  the  powder  of  the  charge.  In  the  experi* 
ment  N°  82.  a  large  wad  of  tow,  well  foaked  in  etherial  ipirit 
of  turpentine,  was  put  into  the  piece  immediately  upon  the 
Jbuilet :  and  in  the  experiment  N""  83.  a  wad,  foaked  in  alkohol, 
was  put  into  the  piece  in  like  manner* 
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8  92 
11,68 
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'037, 1  7th  c'ay  ;  medium-  velo- 
1044'/    city  1040. 

20  grs  bcft  aikiJire  fait  of  tartar. 

20  grs.  aethjops  mineral. 
20  grs.  fal  ammon. 
20  grs.  fine  brafs  duf}. 

f  The  fcrcws  wh^ch  he'd  the  hooks 

^     by  which  the  pendulum  was  fiil- 

j    pcnucJ  gjvc   way,  anU  the  pcn- 

L  dulum  came  d^wn. 


In  the  nine  following  experiments,  'oiz.  from  N""  84.  to  N"" 
92.  inclufive,  the  valve- vent  was  raadeufe  of,,  and  the  bullets 
were  made  to  fit  the  bore  of  the  piece  very  exaftly  by  means  of 
oiled. leather,  which  wasrfo  firmly  fattened  about  them  that  in. 
each  experiment  it  entered  the  target  with  the  bullet:  * 

The  bullet  madeufe  of  in  experiment  N?  85..  was  of  wood. 

Thofeufedin  the  experiments  N°  86.  and  N"*  87.  were  formed 
m  the  following  manner ;.  a  fmall  bullet  was  caft  of.  plaifter  of 
Paris,  which  being  thoroughly  dried,  and  well  lieated  at  the 
fire,  was  fixed  in  the  center  of  the  mould  that  ftrved  for  cafting 
all  the  leaden  bullets  made  ufe  of  in  thefe  experiments;  and 
melted  lead  being  poured  into  this  mould,  the  cavity  that  fur- 
pounded  the  fmall  plaifter  bullet  was  intirely  filled  up,  and  a 
bullet  was  produced,  which  to  the  eye  had  every  appearance  of 
iblidity,  but  was  as  much  lighter  than  a  folid  leaden  bullet  of ' 

thdj 
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the  fame  diameter  as  the  plaifter  bullet  was  lighter  than  a  leaden 

bullet  of  the  fame  fize. 

In  the  experiments  N'  88.  and  N''  89.  folid  leaden  bullets 
were  made  ufe  of.  In  the  experiment  N"*  90.  two  bullets  were 
difcharged  at  once  ;  in  the  experiment  N"*  9 1  -  three  ;  and  in  the 
experiment  N"  92.  four  were  ufed. 

In  each  of  thefe  experiments  a  freftx  (beet  of  paper  was  made 
ufe  of  as  a  fcreen  to  the  pendulum,  in  order,  that  the  velocities 
of  the  bullets  might  be  meafured  more  accurately ;  and  alfo, 
that  the  quantity  of  unfired  powder  might  be  eftimated  with 
greater  precifion. 
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8th  dav ;  in  each  of  chefc  4 
experimcpts  from  50  to 
70  eranulae  or  particles  oi 
unnred  powder  were  dri- 
TCQ  through  Che  fcreen. 

Very  few  unfired  grains  of  I 
powder  ftnick  the  fcreen. 

">  There  were  no  marks  oft 
L  any  unfired  powder  hav-' 
I     ing  reached  the  fqreen. 
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In  the  feven  fbllowirig  experiiqehls  the  piece  was  firedwith; 
powder  only.  !     ,   \ 
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The  ftrtep  WM  tpdCen  a W4y« 

J  The  whele  furface  of  the  target  wis  helMttered 
with  imfireA  frrakit  of  poi«i«r. 

The  p|Bi)()«Ium  was  not  obrerved. 

— — — -^ — 4    _  _        •.      .» 


In  the  following  experiments  N°  100.  and'N*' ioi,  the  bul-* 
lets  were  not  put  down  into  the  bore,  but  were  fupported  by 
three  wires,  which  being  faftened  to  the  end  of  the  barrel  pro- 
jefted  beyond  it,  and  confined  the  bullet  in  fuch  a  fituation  that 
its  center  was  in  a  line  with  the  axis  of  the  bore,  and  its  hinder 
part  was  one-twentieth  of  an  inch  without  or  beyond  the 
mouth  of  the  piece. 

In  experiment  N®  102.  the  bullet  was  juft  ftuck  into  the  bar- 
rel in  fuch  a  manner  that  near  one-half  of  it  was  without  the 
bore. 
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In  each  of  thefe  experim 
near  rVh  pare  of  the  fub- 
ftance  of  the  buUec  was 
mdted  and  blown  away  by 
the  impulfe  of  the  flame.  | 


All  that  part  of  the  bullet  which  lay  towards  the  bore  of 
the  piece  appeared  to  be  quite  flat  from  the  lofs.  of  fubftance  it 
luad  fuflained ;.  and  its  fudrface. was  fpll  of  fniall  indents^  .which, 
probably  were  occafioned  by  the  uufired  grakv  of  powder  that 
kapinged  ag^inil  it» 
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The  following  experiments  were  made  with  the  pendulum 
N"  4..    The  reft  of  .the  apparatus.as  before,    »     .  .      . 
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C  About  40  graini  of  fo«rder  wer< 
^  driven  through  tli^  ferecA* 
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23»8 
24,6 
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33>3 
33.6 

3*»S  1 
33>2 

3a»9 
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L738 

824 
'729 
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7S7 
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r  Abovt  40  ntAr<td  gri.of  pow4cr. 
I  Medium  velocity  $94* 
I  40  uofired  groins*. 

r  Double,  proof  battle- pow 
1  der ;  no  unfirrd  grains*' 
Ditto,        ditto. 

Government  powder  1  hbllec  lea- 
thered; weight.  6o«  grftint. 

!f  Bullet  naked ;  very  few 
\  uniired  grains, 
Mcdti^m  velocity  1444. 


\ 


Medina^  velocity  14x2. 


Double  proof  battle  powder. 
Gov.  pow.  I  i  ......  ,1^  (^^ 
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City 

Medium-velocity  1751 


.  vclo- 

764.. 


Without  any  bullet. 
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Of  the  metbc^  nfade  ufe  of  for  computing  the  velocities^  of  the 

hutlets. 
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As  tlie  method  of  computing  the  velocity  of  a  bullet  firoitt 
the  arc  of  the  vibration  of  a  pendulum  into  which  it  is  fired  is 
:  b  well  known,  I  fhall  not  enlarge  upon  it  hi  this  place,  but 
;  hall  juft  give  the  theorems  that  have  been  propofed  by  di^erent 
jluthorSji  .an4iHall  refei*  thofe  wha  wiih  to  fee  more  on  the  fub- 
jeft  to  Mr.  ROBrNs's  Nfew  Principles  of  Gunnery  j  to  Proftflbr 
feujLER's  Ohferyations  upon.  Mr.  robins's  Book ;  and,  laftly,  ta 
Dr.  button's  Paper  on  thp  initial  Velocities  of  CannoaBalls^ 
Which  18  publiHied  ih  jthe  Tranfaftiona  of  the  Socie^  for  the 
Uar  I778.-'.  '''•••.»       j   .  — .    i  j    • 

.  Jf  a  denote  the  lengtih  fr^m  the  axis  ()f  the  jpenduluih  to  the 

••  ^  "'J*  *■  •  *• 

ubbon  which  nieafures  the; chord  of  .the  arc  of  its  vibration  i 

t    g^  'the  diftanto  of  the  center  o!f  gravity  below  the  akis;:, 

*  JT,  the  di^ahcfe  of  the.  cduter  of  ofcillation ; 

A,  the^iftance  of  the  point  ftifuckby  the  bullet;     • 
c,  the  chord  of  the  Jifcending  ^rc  of  ithe^ndulum  5 

P,  the  Wright  of  the  penduluin ;        " '"    » *  * 

A,  ihe  weight  of  itWe  bujilft,  ahd 
Vj  the  original  velbtity'trf.  the 

*~  a  ^bb'^f  ^  3^*' ^  i.',tii^oreni.  for  ^namg'  thei  xAodtj 
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lupon  Mr,  Ropiiis^s  prihclpt-^^       '     . ,  v  . , , ,.,    ,  . 


les...     j 

Pro- 


••  '   Ti   f+b   [ff\ .',    :\  ^,  , 

*v=r  -  ^^Jjl+'TT'  ^  yH  ^  ™^  tne<>rcttt»  propofed  by. 


I 
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fcfforEULER,.  who  has.  ^otrefled  a  fmalliqrror  in  Mr^  'rp.binsV 


•  •  •  ( » 


gartf  of  a  Rb]rQlaQ<I  foot;  then  the  velocity  with  which  thfi  ball  ftriket  the  pendu^ 


4.  TrX. 


^4 


V^2r 


V  =r  ^'^Syz'cgyf^  -r^  is  Dr.  hutton's  theorem,  which  is 

(ufficientlr^  accurate,  and  far  more  fimple  and  expeditious  than 
either  of  the  preceding.     It  is  to  be  remembered,  that  g^  h^ . 
andc,*  may  be  expreffed  In  any  meafure ;  but/ muft  be  Englifh 
feet,  and  1;  will  be  the  velocity  of  the  bullet  in  Englilh  feet  in. 
aiecOnd.*    ' 

Tbe  velocities  of  the*  bullets  in  moft  of  the  foregoing  expe- 
riments were  £rft  computed  by  £UL£a*s  method,  as  I  had  not: 
then  {cen»Dr.  hut  tSqn's  paper;  but  in  going  over  the  calcula-^ 
tions  a  fecond  time,  I  made  ufe  of  Dr.  HUTtoN's  theorem. 
Both  thcfe  methods  gave  the  fame  velocity  very  nearly,  but  the; 
Doftor's  method  is  by  much  the  eafieft  in  praftice. 

In  thefe  compiktations  cariC. was  taken ^to  make  a  proper  iailow** 
ance  for  the  bullets  that  were  lodged  in  the  pendulum,-  and  alfo 
for  the  velocity  loft  by  the  bullet  in  pafltng  through  the  fcreen. 

The  correftions  neceffary  on  account  of  the  bullets  lodged  in 
the  pendulum  were  made  in  the  following,  manner..  . 
b  was  continually  added  ro  the  .value  of  P, 

— ~x3         •.        •         •     to  the  value  of  ^,  and: 

-    ■  »f,  ♦       '  .     • 

s^-^  x.^        •,    .    .  .  ,  •    to  the.  value  of /^. 

•  I  I  .  . 

-   ♦  •  .  »  •  f  • 

Of  thejpaces  oc^fupif^  by  the  dijjirent  charges  tf  powder.. 

The  haghts  of ,  the .  charges  of  powder,  or  the  lengths  of 
^c  fpaceB  which  they ;  occupied  in  the  bore,  were  determined- 
by  measurement;  and  in*  order  that  this  might  be  done  with, 
greater  accuracy,  inc|ies;^nd  tenths  of  inches  were  marked- 
upon  the  ram-rod,  and  the  charge  was  gently  forced-down  till  it- 
occupied  the  fame  fpace  in  each  experiment;. 

The  following  table  Ihews  the  heights  of  the  charges  as  they 
were,  determined  by  mealiirement,  and  alfo  their  heights  com-- 

putedi 
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puted  from  the  diameter  of  the  bore  of  the  piece,  and  the  Spe- 
cific gravity  of  the  powder  that  was  made  ufc  of. 

N.  B.  By  an  experiment  I  Ihall  give  an  account  of  hereafter, 
I  found  the  fpecific  gravity  of  this  powder  (haken  well  together 
to  be  to  that  of  rain  water  as  0,937  is  to  1,000. 


WcigUt  Height  ot  the  charge, 
of  the  I 
powder.JMearured.fComputed 


P 


Inches. 

o,«9S7 
ifa490 

I»42II 

«»79H 

1,8775 
2,4980 

2,6700 

2,8422 

3.5828 
3.7680 


In  th6  experiment  N°  30.  the  pow- 
der was  put  into  a  cartridge  fo  much 
{hxaller  than  the  bore  of  the  piece,  that 
the  charge,  inftead  of  occupying  i  ^45 
inches,  extended  3,2  inches.  By  this 
difpofition  of  the  powder,  its  aiftion 
jupon  the  bullet  appears  to  have  been 
very  much  dimuiifhed. 


Of  the  €ffi£l  that  the  heat  which  pieces  acquire  in  firing  produces 

upon  the  force  of  powder. 

* 

It  is  very  probable,  that  the  excefs  of  the  velocity  of  the 
bullet  in  the  fecond  experiment  over  that  of  the  firft  was  occa- 
iioned  more  by  the  heat  the  barrel  had  acquired  in  the  firil 
experiment  than  by  the  polition  of  the  vent,  or  any  other 
circumftance ;  for  I  have  lince  found,  upon  repeated  trials,  that 
the  force  of  any  given  charge  of  powder  is  confiderably  gfreater 
when  it  is  fired  in  a  piece  that  has  been  previoufly  heated  by 
firing,  or  by  any  other  means,  than  when  the  piece  has  not  been 
heated.  Every  body  that  is  acquainted  with  artillery  knows, 
that  the  recoil  of  great  guns  is  much  more  violent  after  the 
fecoad  or  third  difcharge  than  it  is  at  firfl ;  and  on  fhip-board, 

where 
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where  it  is  tiecefiary  to  attend  to  the  recoil  of  the  guns,  ia 
order  to  prevent  very  dangerous  accidents  that  might  be  occa^ 
fioned  l^  it,  the  conftant  pjBadke  has  been  in  our  navy,  and,  I 
believe,  on  board  the  ihq)s  of  all  other  nations,  to  leflen  the 
quantity  of  powder  after  the  firfi  four  or  five  rounds  *.  our  32. 
pounders,,  for  in&ance*,.  are  commonly  fired  with  1.4  lbs.  of 
powder  an  the  beginning  of  an  adlion,  but  the  charge  is  very 
ibon^  reduced  to  z  i  lbs.  and  afterwards  to  9  lbs.,  and  the  filled 
cartridges  are  prepared  accordingly. 

By  the  recoil  it  (hould  ieem,  that  the  powder  exerted  a  greater 
force  alfb  in  the  fourth  experiment,  being  the  fecond  upon  the 
Second  day,  than  it  did  upon  the  third,,  or  the  firft  upon  that 
day ;  but  the  pendulum  giving  way,  it  was  not  poflible  to  com- 
pare the  velocities  of  the  bullets  in  the  manner  we  did  in  the 
two  experiments  mentioned  above.. 

This  augmentation  of  the  force  of  powder,,  when  it  is  fired 
in  a  piece  that  is  warm^  may  be  accounted  for  in  the  following; 
manner.  There  is  no  fubftance  we  are  acqiuainted  with  that 
does,  not  require  to.  be  heated  before  it  will  burn  ;  even  gun* 
powder  is.  not  inflamfnable  when  it  x^  cold..  Great  numbers  of 
iparks  or  rodhhot  particles  from  the  flint  and  (leelare  frequently 
ken  to  light  upon  the  priming  of  a  muflcet,  without  fetting 
fire  to  the  powder,,  and  grains  of  powder  may  be  made  to  pafs. 
through:  the  flame  of  a  candle  without  taking  the  fire ;;  and 
what  is  iHU  more  extraordinary,  if  large  grains  of  powder  are 
kt  fiiH  from:  the  height  of  twa  or  three  feet  upon  a  red-hot 
plate  of  iron,,  laid  at  an*  angle  of  about  45^  with  the  plane  of 
the  horizon,,  they  will  r<ebound  intire  without  being  burnt,,  or 
in  the  leaft  altered,  by  the  experiment..  In  all  thefe  cafes  the: 
fire  is  too  fi^eble,  or  the  duration  of  its  a£tion  is.  not  fuflicientlyr 

Ibng^ 
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long  to  heat  the  powder  to  that  degree  which  is  neceflaiy  in 

•order  to  its  being  rendered  inflammabte. 

Now  as  gun-powder,  as  well  as,  all  other  bodies,  acquires 
heat  by  degrees,  and  as  fome  fpace  of  time  is  taken  up  in  this 
as  well  as  in  all  other  operations,  it  follows,  that  powder,  whicl|L' 
has  been  warmed  by  being  put  into  a  piece  made  hot  by  repeated 
iiring,  is  much  nearer  that  ftate  in  which  it  will  bum,  or,  I 
may  fay,  is  more  inflammable  than  powder  which  is  cold ;  con- 
fequently,  more  of  it  will  take  fire  in  a  given  fliort  fpace  o£ 
time,  and  its  a£lion  upon  the  bullet  ^id  upon  the  gun  will  of 
.courfe  be  greater. 

The  heat  of  the  piece  will  alfo  ferve  to  dry  the.  air  In  the 
bore,  and  to  clear  the  infide  of  the  gun  of  t^e  moifture  that 
coUeds  there  when  it  has  not  been  fired  for  ibme  tune,  and 
thefe  circumftances  doubtlefs  contribute  fomething  to  the  quick-c 
nefs  of  the  inflammation  of  the  powder,  and  confequently  to 
its  force. 

As  it  takes  a  longer  time  to  heat  a  larger  body  than,  a  fmali 
one,  it  follows,  that  meal-powder  i^  more  inflammable  thaa 
that  which  is  grained ;  and  the  fmaUer  the  particles  are,  the 
quicker  they  will  take  fire. .  The  failors  bruife  the  priming. 
after  they  have  put  it  to  their  guns,  as  they  find  it. very  difli* 
cult,  without  this  precaution,  to  fire  them  off  with  a  matx:h :. 
and  if  thofe  who  are  fond  of  fporting  would  make  ufe  of  x 
fimilar  artifice,  and  prime  their  pieces  with  meal-powder,  thejc 
would  mifs  fire  lefs  often,  the  fprings^  of  the  lock  might  bet 
made  more  tender,  and  its  fize  coniiderably  reduced  without; 
any  rifque,  and  the  violence  of  the  blow  of  the  flint  and  ftocL 
in  flriking  Are  being  leHened,  the  piece  might  be  fired  with; 
greater  precifion, 

J  Concluding 


Conchiding  from  the  rsfulc  of  the  four  experiments  men- 
tioned above,  as  well  as  from  the  reafons  juft  cited,  that  thef 
temperature  of  the  piece  has  a  coniiderable  efieft  upon  the  force 
of  the  powder,  I  afterwards  took  clre  to  bring  the  barrel  to  a 
proper  degree  of  heat,  by  firing  it  onoe  or  oftener  with  powder 
each  time  i  recommenced  the  experiments  after  the  piece  had 
been  left  to  cool. 


Of  the  manner  in  which  pieces  acquire  heat  in  firing. 

1  was  much  furprifed  upon  taking  hold  of  the  barrel  imme* 
diately  after  the  experinient  N""  1 7.  when  it  was  fired  with  330 
grains  of  powder  without  any buUett,  'taiind*it  foTcry  hot  that 
I  could  fcarqely  bear  it  in  my  hand;: eridfentlymuilh' hotter  thali 
I  had  ever  obferved  it  before,  notwitbftaading  the:  fame  ch^^rge^ 
of  powder  had  been  made  u(e  of  c^in  tliB  ^  tiHro  pre^dingexperi- 
ments,  ami  in  both  thefe  experiments  the  piece  was  loaded 
with  a  btdlet,  which  one  would  naturally  imagine,  by  confining 
the  flame,  and  prolonging  the  time  of  its  aftion,  would  heat 
the  barrel  much  nnore  than  when  it  was  fired  With  powder 
alone. 

I  was  convinced  that  I  could  not  be  m^idaken  in  the  fisi£t,  for 
it  had  been  my  coufiant  pra6bice  to  take  hold  of*  che  piece  to 
wipe  itotitas  foon  as  an  experiment  was  finl(hed,  and*  I  never 
before  had  found  any  inconvemence  from  the  heat  in  holding  it. 
But  iii  ordeil'  to  put  the  matter  beyond  all  doubt,  afjer  letting 
the  barrel  cool  down  to  the  proper  temperature,  I  repeated  the 
experiment  twice  with  the  fame  charge  <Jf  powder  «nd  a  bullet; 
and  in  both  nhefe  trials  (experiments  N*  18.  andU"^  19.)  the 
heat  of  the  piece  was  evidently  much  lifs  than  what  it  was  in 
the  experiment  above  mentioned  (N^  17.). 

Vox.  LXXL  2  N  I  now 


26a  Mr.  tAompson^s  Experiments 

I  now  regretted  exceedingly  the  lofs  of  a  fm&U  pocket  ther- 
mometer, ^\hich  I  had  provided  on  purpofe  to  meafure  the 
heat  of  the  barrel,  but  it  was  accidentally  broken  by  a  fall  the 
day  before  I  began  my  experiments ;  and  being  fo.  far  from 
London,  I  had  it  not  in  my  power  to  procure  another :  I  waa 
therefore  obliged  to  content  myfelf  with  determining  the  heab 
of  the  piece  as  well  as  I  could  by  the  touch. 

Being  much  ftruck  with  this  accidental  difcovery  of  the  great 
degree  of  heat  that  pieces  acquire  when  they  are  fired  with, 
powder  without  any  bullet,  and  being  defirous  of  finding  out 
whether  it  is  a  circumftance  that  obtains,  univerfally,  I  was 
very  attentive  to  the  heat  of  the  barrel  after  each  of  the  fuc-^ 
eeeding  experirocRts ;  and  I  conftantly  found  the  heat  fenfibly 
greater  when:  the  piece  wa&  fired  with  powder  only,  than  when 
the  fame  chargeivas  made  to  impel  one  or  more  bullets. 

Though  the  nfult  of  thefe  experiments  was  totally  unex- 
pected, and  even  contrary  to  what  I  ihould  have  foretold  if  I 
had  been  aiked  an  opinion  upon  the  fubjed  previous  to  making 
them ;  yet,^  after  mature  confideration,  I  am  now^  convinced, 
that  it  is  whajt  ought  to  happen,  and  that  it  may  be  accounted 
for  very  well  upon  principles  that  are  clearly  admifiible. 

It  is  certain,  that  a  very  fmall  part  only  of  the  heat  that  a 
piece  of  ordnance  acquires  \sx  being  fired  is  commuaicated  to  ir 
by  the  flame  of  the  powder  \  for  the  time  of  its  adion  is  fo 
ihort  (not  being,  perhaps,  in  general  longer  thanabont^:^tIr 
or  TT7^^  p^^t  o^  ^  fecond)  that  if  its  heat,  inftead  of  being  ^ 
times,  as  Mr.  rquns  fuppofes,  was  400  times  hotter  thanred* 
hot  iron,  it  could  not  fenfibly  warm  fo  large  a  body  of  metal 
as  goes  to  form  one  of  our  large  pieces  of  cannon.  And  be<^ 
fides„  if  the  heat  of  the  flame  was  fufiiciently  intenfe  to  pro- 
duce fo  great  an  efieA  in  fb  fbort  a  timei  it  would  certainly  be 
4  fuificient 


Sufficient  to  bum  up  all  mflammable  bodies  that  it  came  near, 
and  to  melt  the  iliot  that  it  furrounded  and  impelled,  efpecially 
when  they  were  fmall,  and  wfere  oompofed  of  lead  or  any  other 
foft  metal ;  but,  on  the  contrary,  we  frequently  fee  the  fineft 
paper  come  out  of  the  mouth  of  a  piece  uuinflamed,  after  it 
has  fuftained  the  a&ion  of  the  fire  through  the  whole  length  of 
the  bore,  and  the  fmalleft  lead  ihot  is  diicharged  without  being 
melted. 

But  it  may  be  objefted  here,  that  bullets  are  always  found  to 
be  very  hot  if  they  are  taken  up  immediately  after  they  come 
out  of  a.gun  ;  and  that  this  circumftance  is  a  proof  of  the  inten- 
fity  of  the  heat  of  the  fiame  of  powder,  and  of  its  great  power 
of  communicathig  heat  to  the  denieft  bodies.  But  to  this  I 
aniwer,  I  have  always  obferved  the  fame  thing  pf  bullets  dis- 
charged from  wind-guns  and  crofs-^bows,  efpecially  when  they 
have  impinged  againft  any  hard  body,  and  ^re  much  flattened ; 
and  bullets  from  mufkets  are  always  found  to  be  hotter  in  pro- 
porticm  to  the  hardnefs  of  the  body  againfl  which  they  are 
fired.  If  a  mufket  ball  is  fired  into  any  very  foft  body,  as  (for 
inflance)  into  water,  it  will  not  be  found  to  be  fenfibly  warmed ; 
but  if  it  is  fired  againfl  a  thick  plate  of  iron,  or  any  other  body 
that  it  cannot  penetrate,  the  bullet  will  be  demolifhed  by  the 
blow,  and  the  pieces  of  it  that  are  difperfed  about  will  be 
found  to  be  in  a  flate  very  little  (hort  of  fufion,  as  I  have  often 
found  by  experience.  It  is  not  by  the  flame  therefore  that  bul- 
lets are  heated,  but  by  percuffion.  They  may,  indeed,  receive 
fome  fmall  degree  of  warmth  from  the  flame,  and  flill  more 
perhaps  by  fri£lion  againfl  the  fides  of  the  bore,  but  it  is  in  flrik- 
ing  againfl  hard  bodies,  and  from  the  refiflance  they  meet  with 
in  penetrating  thofe  that  are  fofter,  that  they  acquire  by  far 
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the  greater  part  of  the  heat  we  find  iff  di*rtt  as  febrt  as  they 
come  to  be  at  reft,  after  having  been  dkfckarged  fr6m^  gun. 

There  is  another  circumftance  that  tnay  poffibly  be  brought 
as  an  objeflioii  to  this  opinioii,  arid  that  is  the  running  of  the 
metal  in  brafs  gmis  upon  repeatedly  firing  them,  by  which 
means  the  vent  is  often  fo  far  enlarged  as  to  render  the  piece 
intirely  ufelefs.  But  this,  I  think,  proves  nothing  but  that 
brafs  is  very  eafily  corroded,  and.  deftroyed  by  the  flame  of 
guit-powder ;  for  it  cannot  be  fuppofed,  that  in  thefe  cafes  the 
metal  is  ever  fairly  melted.  The  vent  of  a  muflcet  is  very  foon 
enlarged  by  firing,  and  after  a  long  courfe  of  fervice  it  is  found 
ilceeflary  to  ftop  it  up  with  a  folid  fcrew,  through  the  center 
6f  which  a  new  vent  is  ftiade  of  the  proper  dimenfions»  This 
Operation  is  called  bulbing,  or  rather  bouchmg  the  piece ;  but 
in  all  the  bettet  kind  of  fowling-pieces  the  vent  is  Imcd,  or 
touched,  with  gold,  and  they  are  found  to  ft^nd  fire  for  any 
length  of  time  without  receiving  the  leaft  injury.  But  every 
body  knows  that  gold  will  rim  with  a  lefs  heat  thart  is  required 
to  melt  iron  :  but  gold  is  not  corroded  either  by  the  fpiFit  of 
nitre,  or  the  acid  fpirit  that  is  generated  from  fulphwr,  whereas 
iron  is  very  eafily  deftroyed  by  either  j  and  that  I  taKe  !fo  be 
the  only  reafon  why  a  vent  that  is  lined  with  gold  is  fb  much 
more  durable  than  one  that  is  made  in  iron.  But  k  ieems,  ^at 
iron  is  more  durable  than  brafs ;  and  perhaps  fteel,  or  fi»ne 
other  cheap  metal,  may  be  found  that  will  fupply  thfe  place 
of  gold,  and  by  that  means  the  great  expence  that  atteridfe 
bouching  pieces  with  that  precious  metal  may  be  fpM&d^  and 
this  improvement  may  beintroduced  into  commen  ulci 

This  leads  us  to  a  very  eafy  and  effeftuat  rem^y  ^§iir  that 
defeft  fb  long  complained  of  in  all  kinds  of  brafs  oftfnsmce, 
tbe  running  of  the  vent ;  for  if  thefe  pieces  were  bouched  with 
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iion,  there  is  no  dbobt  but  they  would  ftand  fire  as  W6\l  as  iron 
guns  ;  and  if  fteei>  dr  any  other  metal,  either  fimple  or  com- 
pouoded^  (hould  Mp&n  trial  be  found  to  anfwer  for  that  pur* 
pofe  bcttel^  than  iron,  it  might  be  ufed  inftead  of  it;  and 
even  if  gold  was  made  ufe  of  for  lining  the  vent,  I  imagine  it 
might  be  done  in  fuch  a  manner  as  that  the  expence  would  not 
be  very  confiderable,  at  the  fame  time  that  the  thicknefs  of  the 
gold  ihouid  be  fufficient  to  withftand  the  force  of  the  flame  for 
a  very  great  length  of  time. 

But  to  return  to  the  heat  acquired  by  guns  in  firing.  It 
being  pretty  evident  that  it  is  not  all  communicated  by  the 
flame,  there  is  but  one  other  caufe  to  which  it  can  be  attri- 
buted,, and  that  is  the  motion  and  fridion  of  the  internal  parts 
of  the  metal  among  themfclves,  occafioned  by  the  fudden  and 
violent  effort  of  the  pc^wder  upon  the  infide  of  the  bore,  and 
to  this  caufe  I  imagine  the  heat  is  principally  if  not  almoft 
intireiy  owing.  It  is  well  known,  that  a  very  great  degree  of 
heat  may  be  generated  in  any  hard  and  denfe  body  in  a  fliort 
fpace  of  time  by  friction,  and  in  a  ftill  fhorter  time  by  coUi- 
fion.  **  For  if  two  denfe  hard  elaftie  bodies  be  ftruck  againfl: 
'*  each  other  with  great  force  and  velocity,  all  the  parts  of 
"  fuch  bodies  will  every  moment  be  clofely  comprefled-,  and! 
^*  being  rigid  will  re-aft  with  equal  force.  Hence  a  quick  and 
"  powerful  contraftion  and  expanlion  will  arife  in  e v^ry  part, 
'*  reiembling  that  fwift  kind  of  vibrations  obferved  in  ftretched 
"  fh'ings ;  how  great  thefe  vibrations  are  may  be  learnt  from 
"  the  inftance  of  a  bell,  when  flruck  with  a  fingleblow,  by 
"  which  the  whole  bulk,  however  vafl,  will  for  a  long  time 
^  expand,  and  Contrail  itfelf  in  infinite  ellipfes.  And  when 
"  the  attrition  above  defcribed  is-produced,  with  what  force  andi 
**  velocky  are  all  the  particles  of  the  rubbed  body  compreffcd, . 
2  "  fhaken,, 
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^^  (haken,  and  loolened  to  their  very  intimate  fubftance*?'*  And 
in  proportion  to  the  fwiftnefs  of  this  vibration,  and  the  violence 
of  the  attrition  and  friction,  will  be  the  heat  that  is  produced. 

A  piece  of  iron  that  would  fuftain  the  preffure  of  any  weight, 
however  large,  without  being  warmed,  may  be  made  quite  hot 
by  the  blow  of  a  hammer ;  and  even  foft  and  un-elaftic  bodies 
may  be  warmed  by  pcicuffion,  provided  the  velocity  with  which 
their  parts  are  made  to  give  way  to  the  blow  is  fufficiently  rapid. 
If  a  leaden  bullet  is  laid  upon  an  anvil,  or  any  other  hard  body, 
and  in  that  fituation  it  is  ftruck  with  a  fmart  blow  of  a  ham- 
mer, it  will  be  found  to  be  much  heated ;  but  the  fame  bullet  in 
the  fame  fituation  may  be  much  more  flattened  by  preffure,  or 
by  the  ftroke  of  a  very  heavy  body  moving  with  a  fmall  velo- 
city, -without  being  fenfibly  warmed. 

To  generate  heat  therefore  the  adion  of  the  powder  upon  the 
infide  of  the  piece  muft  not  only  be  fuflicient  to  ftrain  the  metal, 
and  produce  a  motion  in  its  parts,  but  this  efledl  muft  be  ex- 
tremely rapid ;  and  the  heat  will  be  much  augmented,  if  the 
exertion  of  the  force  and  the  duration  of  its  a6lion  are  momen- 
taneous ;  for  in  that  cafe,  the  fibres  of  the  metal  (if  I  may  ufe 
the  expreffion)  that  are  violently  ftretched,  will  return  with 
their  full  force  and  velocity,  and  the  fwift  vibratory  motion  and 
attrition  before  defcribed  will  be  produced. 

The  heat  generated  in  a  piece  by  firing  is  therefore  as  the 
force  by  which  the  particles  of  the  metal  are  ftrained  and  com- 
prefled,  the  fuddennefs  with  which  this  force  is  exerted,  and  the 
(hortnefs  of  the  time  of  its  aftion ;  that  is  to  fay,  as  the 
ftrength  of  the  powder  and  the  quantity  of  the  charge,  the 
quicknefs  of  its  inflanmiation,  and  the  velocity  with  which  the 
generated  fluid  makes  its  efcape. 

*  Vide  8HAw'$  tranflation  of  aoxrhaave's  ChemUlxyy  vol.  L  p.  149. 

Now 
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Now  the  efibrt  of  any  given  charge  of  powder  upon  the  gun 
k  very  nearly  the  fame,  whether  it  be  fired  with  a  bullet  or 
without;  but  the  velocity  with  which  the  generated  claftic 
fluid  makes  its  efcape,  is  much  greater  when  the  powder  is 
fired  alone,  than  when  it  is  made  to  impel  one  or  more  bullets ; 
the  heat  ought  thereforfe  to  be  greater  in  the  former  cafe  than 
in  the  latter,  as  I  found  by  experiment. 

But  to  make  this  matter  ftill  plainer,  we  will  fuppofe  any 
given  quantity  of  powder  to  be  confined  in  a  fpace  that  is  juft 
capable  of  containing  it,  and  that  in  this  iituation  it  is  by  any 
means  fet  on  fire.  Let  us  fuppofe  this  fpace  to  be  the  chamber 
of  a  piece  of  ordnance  of  any-  kind,  and  that  a  bullet,  or  any 
otjier  folid  body,  is  fo  firmly  fixed  in  the  bore  immediately  upon 
the  charge,  that  the  whole  effort  of  the  powder  fliall  not  be  able 
to  remove  it.  As  the  powder  goes  011  to  be  inflamed,  and  the 
elaftic  fluid  is  generated,  the  preflure  upon  the  infide  of  the 
chamber  will  be  increafed,  till  at  length  all  the  pow- 
der being  burnt,  the  ftrain  upon  the  metal  will  be  at  its 
gceateft. height,  and  in  this  fituation  things  .will  remain,  the 
cohefion  or  elafticity  of  the  particles  of  metal  counterbalancing  , 
the  preflure  of  the  fluid. 

Under  thefe  circumftances  very  little  heat .  would  be  gene- 
rated ;  for  the.  continued  effort  of  the  elaftic  fluid  would  ap- 
proach to  the  nature  of  the  preflure  of  a  weight ;  and  that 
concuflion,  vibration,  andfridtion,  among  the  particles  of  the 
metal,  which  in  the  colUfion  of  elaflic  bodies  is  the  caufe  of 
the  heat  that  is  produced,  would  fcarcely  take  eflSbiSt/ 

But  inftead  of  being  firmly  fixed  in  its  place,  let  the  bullet 
now  be  moveable,  but  let  it  give  way  with  great  difficulty,  and  * 
by  flow  degrees.     In  this  cafe,  the  elafl:ic  fluid  will  be  gene- 
rated as  before,  and  will  exert  its  whole  force  upon  the  chamber 

of  i 
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of  the  piece ;  i)ut  as  the  bullet  gives  way  to  the  preflure^  and 
moves  on  iii  the  bore,  the  fluid  will  expand  itfclf  aad  grow 
weaker,  and  the  particles  of  the  n^tal  will  gradually  return 
to  their  former  iltuations ;  but  the  velocity  with  which  the 
metal  reftores  itfelf  being  but  fmall,  the  vibration  that  r^nains 
in  the  metaU  after  the  elaftic  fluid  has  made  its  efcape,  will  be 
very  languid,  as  will  be  the  heat  that  is  generated  by  it. 

But  if,  inftead  of  giving  way  with  fo  much  difllkrulty,  the 
bullet  is  much  lighter,  fo  as  to  afford  but  little  refiftance  to  the 
elaftic  fluid  in  making  its  efcapc,  or  if  the  powder  is  fired  with- 
out any  bullet  at  all ;  then,  there  being  little  or  nothing  t»oj>- 
poie  the  flame  in  its  paflage  through  the  bore,  it  will  expand 
itfelf  with  an  amazing  velocity,  and  its  aftion  upon  the  guu 
will  ceafe  almoft  in  an  inflant,  the  flrained  metal  will  reftore 
itfelf  with  a  vtxy  rapid  motion,  and  a  (harp  vibration  will 
*enfue,  by  wliich  the  piece  will  be  much  heated 


'Of  the  effeS  of  ramming  the  powder  in  the  chamber  of  the  piece. 

% 
The  charge,  confifling  of  2 1 8  grains  of  powder,  being  put 

:gently  into  the  bore  of  the  piece  in  a  cartridge  of  very  fine 

•paper,  without  being  rammed,  the  velocity  of  the  bullets  at  a 

mean   of  the  40th,  4ifl,  42d,  and    47th  experiments,    was 

at  the  rate  of  1225  feet  in  a  fecond,;  but  in  the  68th,  69th, 

.and  70th.  experiments,  when  the  fame  quantity  of  powder  was 

rammed  down  with  five  or  fix  hard  flrokes  of  the  ram-rod,  the 

mean  veloci.ty,  was  1329  feet  in  a  fecond.    Now  the  total  force 

or  prefFure  exerted  by  the  .charge  upon  the  bullet  is  as  the  fquare 

<>£  its  velocity,  and  1329    is  to  1225    as  1,1776  is  to  i  ;  or 

nearly 


upon  Ottn^p6wder^Scc.i    *  -  ftfij^ 

nearly  as  6  is  to  5  ;  and  in  that  proportion  was  the  force  of  the 
given  charge  of  powder  inCrcafed  by  being  rammed. 

In  the  7 1  ft  experiment  the  powder  was.aifo  rammed,  but  the 
vent,  inftead  of  being  at  the  bottom  of  the  bore,  was  at  1,3^ 
send  the  velocity  of  the  bullet  was  very  cohfiderably  din^inifhed, 
being  only  at  the  rate  of '1080  feetiu  a  iecond,  inftead  of  1276 
feet  in  a-  fecond,    which  was  the  mean  velocity,  with    this 

charge,'  and  with  the  tent-in  this  fituation  when  the  powder 

•  •  •  , 

was  rammed.  '  See  tlie  dxfpenmients  N^''43,  44,  45,-3^146. 

When,  inftead  of  ramming  tha  pW^der,^  or  preiStig  it  gently^ 
together  in  the  Bore,  it  is  put  into'^  fpace  latger'than  it  is 
capable  of  filling,  the  force  of  the  c^arg^  is  thereby  ivery.  fen-: 
iibly  leflened,  as  Mr.  robins  and  others  have  found  by  repeated 
trials.  Iq,  my  30th  experiment  the '  charge,  confifting  of  no 
more  than  1^5  grains  of  powder,  was  made  to  6cciipy  3,2 
inches  of  the  bore  inftead  of  i,'4.5  inches,  which  fpace  it  juft 
filled  when  it  was  gently  pulhed^  into  iti  place  without  being 
rammed ;  the  confequence  was,  the  velocity  of  the  bullet, 
inftead  of  being  1 100  feet  in  a  fecond  or  upWards,  was  only  at 
the  rate  of  9 1 4  feet  in  a  fecond,  and  the  recoil  was  leftened  in 
proportion.  ^ 

And  from  hence  we  may  draw  this  pra6tical  inference,  that 
the  powder,  with  which  a  piece  of  ordnance^  or  a  fire«>arm  is 
charged^  ought  always  to  be  prefled  together  in  the  bore  ;  and 
if  it  is  rammed  to  ascertain  degree,  the  velocity  of  the  bullet 
will  be  ftill  farther  increafed.  It  is  well  known,  that  the  recoil 
of  a  mufket  is  greater  When  its  charge  is  rammed  than  when  it' 
is  not ;  and  there  cannot  be  a  ftronger  proof  that  ramming^ 
increafes  the  force  of  the  powder. ' 


I  -        ;  «*• 


•> 


i 
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Of  the  relathn  of  the  velocities  of  bullets  to  the  charges  ^powdar 

ly  which  they  are  impelled . 

.  \t  appears,  by  all  the  experiments  that  have  hitherto  l>een 
made  upon  the  initial,  yelpqities  ,d£  .  bullets,  that  when  the 
weights  and  dimcniiopsof  the  bul^etp  are  the  fame,  and  they 
are  difcharged  from  the  fame  piece .  by  different  quantities  of 
powder,  the  velocities  arp  in  the  fub-duplicate  ratio  of  the 
weights  of  the  charges  very  nearly.     .  . 

The  following  table  wiU  (hew  hQ\y  ^curately  thjs.  law  ob- 
tained in  .the  foregoing  ex{(9ri0^$nts< 


Vcfiwititfs'  

Charj;es.      ,  Computed.  A^ual*  -       Ditference.        N*  of  exp. 

437^..   17^4   •.1764,.:  :  5 

33P  » 533.  ', .'  .'^594' '  ■ .  +  61  .    2 

i3f9   -  .  H^P,         145?  '   ;  --27     I 

290  '    'h3<5'   ;.  143^.   ;-    o     7 

.218      1232  ,  ,   1^25     -     7  f 

208      1216     1256     +  40  -    3 

165      1083     1087     +4     2 

145  .     1018     1040   .  .+  22     1 

104       860      is7   /   -103     ^2 

The  coippyted  velocities,  as  they  ar^  let  down  in  this  table, 

were  dejDejrmined  from  the  ratio  of  the  fquare  root  of  .^yji  (the 

weight, in,  grams  of  the   largeft  <:hajrge  of  powder)  to   the 

i39ean  velocity  of  the  buU?t  with  that  charge  and  the  vent  at 

o ;  viz.  1 7  64  feet  in  a  fecond,  and  the  fqy are  root;  of  the  other 

charges  expreffed  in  grains.    And  the  aSlual  velocities  are  means 

Q(f -all  experiments  that  wer^inade  under  (imilar  ^trcumftances, 

5  The 


The  tbilrth  Solumn  (hews  the  difFerence  of  the  computed  and 
Q6hial  velocities,  or  the  number  of  feet  in  a  fecorid  by  which 
the  adtuat  velocity  exceeds  of  fills  (hort  of  the  computed :  and 
in  the  fifth  column  is  fet  down  the  number  of  experrmeirts? 
with  each  charge,  from  the  mean  of  which  the  a6;ual  velo- 
city was  determined* 

The  agreement  of  the  Computed'  and  a£tual  velocities  will 
appear  more  ftriking,  if  we  take  the  fum  and  difference  of  thofc 
velocities  with  all  the  cbai'ges  except  the  firft  t  thus, 

Sum  of  the  velocities,  — 1764. 

Competed*  Afiual,.        Diffcrctide*      N*of.€xit#  .    . 

9864  9854  --  ID  2J 

•  •  • 

So  that  it  appear^,  that  the  difference,  or  the  adlual  vekK 

» 

tity,  \^s  fm^Uer  than  the  computed  by  ^^  part  pnly  at  a 
mean  of  23  experiment-s.  ,.>,.. 

But  as  by  far  the  greater  number :  of  the  fexpenments;  were 
m^de  with  the  following  charges;  vi%k  ;}909  218,  208,  165^ 
and  145  grains  of  powder,  let  us  .takft.^he  jfum  a&d  difference 
t>f  the  cohi^uted  and  a^ujal,  y^locitiefi  bf  thofei  charges :  thus»  ; 

»  •    •  • 

&um  of  the  velocities 


"^ 


Computed.  A£lual.  Difrerence»,     N*  of  exp. 

t,<)%^  6044.       .       +!55>.  '  *^ 


/     •»      *  '       •  ' 


Mere  the  agreement  of  the  theory  With  ^  the  cxperilfietits  is  fo 
very  remifkable',  that  Sve  muft  fuopofe'it  was  in  fome  meafurt 
accidentdl;  for  the  diflferehce'bf  tne^elbcl'tJes  repeating  the 
fame  experitodnt  is  ia  genieraltauch-gtiwiter  than  the  flifferehci 
t)f  the  computed  and  aiftual  SreWciti^  Ih  this  iriftanee ;  but,  I 
think,  we^ma^  feiHy  'coiitllide,  frdrA'  «hc  -feTtrlfof  all  ^helfe 

2  O  2  ^*         trials. 
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trials;  thatthc  velocities!  of'like  *e^^/  l>uHetsi  when,  they  arc 
difcharged  from  the  lame  piece  hijr  diifgnent  quantities  of  the 
fame  kind  of  powder,  ace  very  nearly  in  the.  £ab-duplicate 
ratio  ttftbe  weight-s  of  the  charges..  WhethervthU*  law  will; 
hold  good,  when  applied  to  cannon  balls,  and  bomb  fhells  of 
large  dimenfions,  I  dare  not  at  prefent  take  upon  me  to  decide;, 
but,  fof  feveral  reafon^  tliat  might  bfr  n|entioned,  I  am  rather 
of  opinion,  that  it  will  not ;  at  leaft.  not  with  that,  degree  of: 
accuracy  which,  obtained  in  thefe  experimentSf , 


Of  the  tffeB  of' placing  the  vtnt  in  different  parts  of  thexhargt^ 

There  have  been  two  opihions  with  refpeO:  to  the  manner  in» 
which  gun-powder  takes  fire.  Mh  robiks  fuppofes^  thar  the 
progrefs*  of  ita  inflanunaCioH  is  fe  extremely  rapid^  ^^-  that  aK 
^^  the  powder  of  the  charge  is  fired  and  converted  into  an^laftio 
^  fluid,  before  the  bulfet  is  fenfibly  moved  from:  its  place ;"  * 
while  others  have  been  of  opinion,  that  the  progrefs  of  the  in** 
flammation  id  much  flower,  and  that  the  charge  is  feldom  o9 
never  completely  inflamed  before  the  bullet  is  out  of  the  gun. 

The  large  quantities  of  powder  that  are.  frequently  blown 
out  of  fire  arn^s  un-inflamed,  feem  to  ^vour  the  opinion  of 
the  advocates  for  the  •gradual  fifing ;  but  Mr.  robins  .  endea- 
vours to  account  for  that  circumftance  upon  diflerent  principles,, 
and  fupports  his  op^iion  by.fliewing  that  every  increafe  of  the 
charge  within  the  limits,  of  pradice.  produces  a  proportional 
increafe  of  the  velocity  of.  the  hullet,  and.  that  when  the  pow- 
der is  confined  by.agrqit.additionaLweighti  by  firing  two  or 
spore  bullets  at  a  time  inflead  of  one,  the  velocity  i&.not&nfi^ 
bly  greater  than  it  ought  to  he  according,  to  his'theory* 

*  If 


If  this  were  a  queftion  merely  fpeculative,  it  might  not  be 
worth  while  to  fpend  much  time  in  the  difcuffion  of^it ; ,  but  as  . 
it  is  a  matter  upon  the  knowledge  of  which  depends  the  deter- 
mination of  many  important  poiirts  refpefting  artillery,  and 
from  which  many  ufeful  improveraeots  may  be-  derived^  too . 
much  pains  cannot  be  taken,  to  come  at  the  truth.     Till  the 
manner  in  whiQh  powdir  take^  fire,  and  th«  velocity*  with  which 
the  inflammatiosi  i$  prop^ated,.  are  kjnown,  nothing  can  with 
certainty  be  determined  with  refpeft*  to  the  heft  form  for  the . 
chambers- of  pieses^:  of  ordnance,  or  the  mofl:  advantageous, 
fituation  fpr  the.  vent ;~  nor.  cam  the  force  of  powder,  or  the 
ffarength  that^is  required  in  different  parts  of  the  gun,  be  afcer- 
tained'with  any  dfegree  of  ^precifion. 

As^  it  would  be  eafy  to  determine  the  beft  iituation  for  the 
vent  from  1  the  velocity  of  the  inflanlmation  of  powder  being 
known,  fo  on  the.other  hand  I  had%opes  of  being  "able  to  come 
at  that  velocity  by  determining  the  efFeft  of  placing  the 
vent  in  different  parts  of  the  charge ;  for  which  purpofe  th^v.^ 
following  expenwents  were  made  • 
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A  table  of  ixperimentiy  Jhewing  the  effeSt  of  placing  the  vent  in 

'different  parts  of  the  charge. 


>  il»    I        n 


•R 


O      ^      L.' 

•T3 


«■     -A 


.'■ 


Grains. 


Inches, 


165 

218 

25IQ   . 

•  •    • 

•  •    • 

•  •    • 

•  •  •    • 

»     •    « 

•        •        • 

330 

•  •    • 

•  •    • 

1  437i 


CO  J3 


j3  -C 


1^ 


o  c 


>  U3  ^    '   ^ 


A   irf. 


loches* 


O   c< 

u    «^  • 

J2J£  S 

«  "a  S3 


t  •■  ■  ■;  ■  ;■  ■  ■■ 

s  5  « 

H  as 

bs  £  •=  "-s 


Ft.  io  a  fee.     Inches. 


1,45 

6 

*    i^     •. 

1,32  - 

'.9 

0 

•     •     • 

^5 

a,6 

0 

•     •    • 

'»3  . 

ti    •    • 

2,6' 

*     *.    • 

b 

•  •  •    • 

^6 

2,7 

0 

•     •    • 

1^32 

•     •     • 

2,6s 

2>9 

0 

«     •    • 

i»3 

•    •    V 

2,6 

3.9  ; 

© 

•    «    •    ' 

2,6 

1087 
1082. 

1225 

1276 

1427 

H93 
1460 

1444 
1413 


»S94 
1625 

1525 
1764 

i7S< 


U,46S 
14,31 

»7,93 
»8,34 

2»,626 
23,486 

23.»3i 

;t4,5 
24,69 

a4>9S 

24.9 
46,075 

26,4 

25»3 

33.3 
32,866 


•irft^aM 


( 

4i 


V) 


2 

3 
4 
4 
3 
3 
4 
4 

3 
I 

I 

I 

% 

2 

2 

3 
3 


By  the  foregoing  experiments  it  appears,  firft,  that  the  <!if» 
ference  in  the  force  of  any  given  charge  of  powder  which 
arifes  from  the  particular  iituation  of  the  vent  is  extremely 
fmall. 

With  165  grains  of  powder,  and  the  vent  ato,  the  velocity 
of  the  bullet  at  a  mean  of  two  experiments  (viz.  the  20th 
and  2 1  ft)  was  1087  feet  in  a  fecond ;  and  with  the  fame  charge, 
and  the  vent  at  1^32  inches,  the  velocity  at  a  mean  of  the 
ftad^  t^d^  and  24th  experiments,  was  1082  feet  in  a  fecoud; 

the 


the  difierence|. equal  five  feet  in  a  fecond,  i^  lefs. than: what 
occurred  in  a  repetition  of  the  fame  experiment. 

With  21 8. grains  of  jpowder,  and  the  vent  at  o,  the  velocity 
at  a  mean  in  the  40th,  41^9  42d,  and  47th  experiments, 
was  at  the  rate  of  1225  feet  in  a  fecond;  and  with  the  fame 
charge,  and  the  vent  zt!  1,3,  the  velocity  was  1276  feet  ici  a 
iecond  at  a  mean  of  four  experiments^  viz.  the  /^^Ay  44th^ 
45th,  and  46th » 

In  the  firft  fet  of  experiments,  with  zpo  grains  of  powdpr^ 
the  velocities  were. 


Vent  at  Ok^ 

* 

Vent- «rf -1,3,-.- 

•            .  Ytht  it  Xj^\r 

1414 

.^147^ 

•  ,  J^S°^ 

T455 
1412 

^520 
1483: 

,c\;rl43» 

t 

1454: 

t  i 


3)4281  3)4479-  ^4)5^39 


•    ]Weans     i4^ir'  '493^  1460 

Seethe  experimenti  from  N°  48.  tdr  N""  57,  fficlUlive;! 


In  the  &cond  fet  the  velocities  were^ 

•       »   «  •  •  •  • 

'  '     'Vent  at  04  Tcntati2,6^ 

1419  '      1438' 

^  •'  1460  .'     lA'^S  ' 


4    ••     .^  .» 


•  •• 


r»  •«    » 


\  * 


4)5777    .'--'  i^l^v"-. 


Means.    1444  ---1413;--      ;-• 

See-da  expedmsntSJrom  N°  ipj^'jo  N"  1  rj/mclufiyc;. 


And 
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And  talcing  the  means  of  all  the. velocities  in  both  (ets  in 
each .  pofition  of  the  vent  it  will  be, 

Vent  at  o.  Vent  »t  •  i ,  j,  Vent  at  2,6- 

Mean  .velocity    ^  1 436  1 493  i  43  7 

•'  '    •        •  ... 

The  mean  recoils  in  thefe  experinatent*  were,  .       > ' 

,Veptatbi   •  Vent  at  1,3,    •  Vent  at  a,6r.  . 

22,88  23,34  23,61 

In  the  experiments' with  316  grains  of  powder  the  Velocities 
<of  the  bullets  were  not  determined  with  fufficierit  accuracy  to 
be  depended  on ;  but  the  recoils,  whkkwere  meafured  with 
great  nicely,  were^  as  follows,  viz.  ^  :  - 

.    Vent  at  o.  *  Vent  at  1^3,         >      Vent  at  2,6 

Z4,69  ^/'^'  24,95  24,9 

With;^^e-grains  of  powder  the  mean  velocities  and  recoils 
•were,  *  —  . 

Vent  at  o*  Vent  at  1,3.  Vcnta^,6, 

Velocities...  ^1594  j?^     *        f^i^..,  ..      :  i^S^S^,, 
•Recoils  2^6,07^  26,4  ^$93 


* "  >  *   «  .  >  *  I 


In  the  experiments  with  437 i^grains/an  ounce  avoirdupois) 
of  powder  the  velocities  and  recoils  were. 

Vent  at  o.  .       i  Vent  at  2,6. 


>i  ^       -  >  J        ^-  — 


Velocity.     <  •  RecoU.  '     •' "     Velocity.  RecoiL 

1738  33,  /.         <I7Q7  32,5 

1824  '..  -.33,3  1757  33,2 

1728  .33,6  .         -"1789  32,9 


"«-i 


.$)SH\.  i)$9>9.      ..:  -3)5^53     .,..3)98,6 

Means   1764  ^^,^  1751  32,866 

'  -  Secondly, 


ufon  Gun-powder  J  &c.  277 

Secondly,  From  the  refult  of  all  thefe  experiments  it  appears, 
that  the  elFeft  of  piaclng  the  vent  in  different  pofitions  with 
refped  to  the  bottom  of  the  chamber  is  different,  in  different 
charges  ;  thus,  with  165  grains  of  powder  the  velocity  of  the 
bullet  was  rather  diminifhed  by  removing  the  vent  from  o,  or 
the  bottom  of  the  bore  to  1,32  ;  but  with  218  grains  of  pow- 
der the  velocity  was  a  little  increafed,  as  was  alfo  the  recoil. 
With  290  grains  of  powder  the  velocity  was  greateft  when  the 
powder  was  lighted  at  the  vent  i  ,3  which  was  near  the  middle 
of  the  charge,  and  rather  greater  when  it  was  lighted  at  the 
top,  or  immediately  behind  the  bullet,  than  when  it  was 
lighted  at  the  bottom.  And  by  the  recoil  it  would  feem,  that 
the  velocities  of  the  bullets  varied  nearly  in  the  fame  manner 
when  the  charge  confided  of  310  grains  of  powder. 

With  330  grains  of  powder,  both  the  velocity  and  the  recoil 
were  greater  when  the  powder  was  lighted  at  the  middle  of 
the  charge,  than  when  it  was  lighted  at  the  bottom  ;  but  they 
wereleaft  of  ail  when  it  was  lighted  near  the  top.  And  when 
an  ounce  of  powder  was  made  ufe  of  for  the  charge,  its  force 
was  greateft  when  it  was  lighted  at  the  bottom.  But  the  dif- 
ference in  the  force  exerted  by  the  powder  which  arofe  from  the 
particular  pofition  of  the  vent  was  in  all  cafes  fo  inconfiderable 
(being,  as  I  have  before  obferved,  lefs  than  what  frequently 
occurred  in  repeating  the  fame  experiment)  that  no  conclufion 
can  be  drawn  from  the  experiments,  except  only  this,  that  any 
given  charge  of  powder  exerts  nearly  the  fame  force,  whatever 
is  the  pofition  of  the  vent. 

And  hence  the  following  pra£bical  inference  naturally  occurs, 
n)iz.  that  in  the  formation  of  fire-arms  no  regard  need  be  had  to 
any  fuppofed  advantages  that  gun-fmiths  and  others  have  hi- 
therto imagined  were  to  be  derived  from  particular  fituations  for 
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the  vent,  fiich  as  diminifliiiig  the  recoil,  increafing  the  force 
of  the  charge,  &c. ;  but  the  vent  may  be.  indifferently  in  any 
part  of  the  chamber  where  it  will  beft  anfwer  upon  other  ac- 
counts :  and  there  is  little  doubt  but  the  fame  thing  will  hold 
good  in  great  guns,  and  all  kinds  of  heavy  artillery. 

Almoft  every  workman  who  is  at  all  curious  in  fire-arms  has  a. 
particular  fancy  with  regard  to  the  beft  form  for  the  bottom  of 
the  chamber,  and  the  proper  pofition  of  the  vent.  They  in 
general  agree,  that  the  vent  fliould  be  as  low  or  far  back  as 
poflible,  in  order,  as  they  pretend,  to  leffen  the  recoil ;  but  no 
two  of  them  make  it  exaftly  in  the  fame  manner.  Some  make 
the  bottom  of  the  chamber  flat,  and  bring  the  vent  out  even 
with  the  end  of  the  breech-pin.  Others  make  the  vent  flanting 
through  the  breech-pin,  in  fuch  a  manner  as  to  enter  the  bore 
juft  in  its  axis.  Others  again  make  the  bottom  of  the  chamber 
conical ;  and  there  are  thofe  who  make  a  little  cylindric  cavity 
in  the  breech-pin,  of  about  two-tenths  of  an  inch  in  diameter, 
and  near  half  an  inch  in  length,  coinciding  with  the  axis  of 
the  bore,  and  bring  out  the  vent  even  with  the  bottom  of  this 
little  cavity. 

The  objeftion  to  the  firft  method  is,  the  vent  is  apt  to  be 
ftopped  up  by  the  foul  matter  that  adheres  to  the  piece  after 
firing,  and  which  is  apt  to  accumulate,  efpecially  in  damp  wea- 
ther. The  fame  inconvenience  in  a  ftill  greater  degree  attends 
the  other  methods,  with  the  addition  of  another,  arifing  from 
the  increafed  length  of  the  vent ;  for  the  vent  being  longer  it 
is  not  only  more  liable  to  be  obftnlfted,  but  it  takes  a  longer 
time  for  the  flame  to  pafs  through  it  into  the  chamber,  in  con- 
fequence  of  which  the  piece  is  flower  in  going  off,  or,  z% 
fportfmen  term  it,  is  apt  to  hang  fire. 

2  The 
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The  form  I  would  recommend  for  the  bottom  of  the  bore  is 
that  of  a  hemilphere ;  and  the  vent  ihould  be  brought  out  di- 
rectly through  the  fide  of  the  barrel,  in  a  Ihie  perpendicular  to 
its  axis,  and  pointing  to  the  center  of  the  hemifpheric  concavity 
of  the  cliamber. 

In  this  cafe  the  vent  would  be  the  Ihorteft  poffible ;  it  would 
be  the  leaft  liable  to  be  obftrufted,  and  the  piece  would  be  more 
eafily  cleaned,  than  if  the  bottom  of  the  bore  was  of  any 
other  form.  All  thefe  advantages,  and  feveral  others  not  lefs 
important,  would  be  gained  by  making  the  bottom  of  the  bore 
and  vent  of  great  guns  in  the  fame  manner. 

A  new  method  of  determining  the  velocities  of  bullets. 

From  the  equality  of  aSlion  and  re-aSlion  it  appears,  that  the 
momentum  of  a  gun  muft  be  precifely  equal  to  the  momentum 
of  its  charge ;  or  that  the  weight  of  the  gun,  multiplied  into 
the  velocity  of  its  recoil,  is  juft  equal  to  the  weight  of  the  bul- 
let and  of  the  powder  (or  the  elaftic  fluid  that  is  generated  from 
it)  multiplied  into  their  refpedlive  velocities :  for  every  particle 
of  matter,  whether  folid  or  fluid,  that  iflues  out  of  the  mouth 
of  a  piece,  muft  be  impelled  by  the  adlion  of  fome  power, 
which  power  muft  re-aSl  with  equal  force  againft  the  bottom  of 
the  bore. 

Even  the  fine  invifible  elaftic  fluid  that  is  generated  from  the 
powder  in  its  inflammation  cannot  put  itfelf  in  motion  without 
re-adling  againft  the  gun  at  the  fame  time.  Thus  we  fee  pieces, 
when  they  are  fired  with  powder  alone,  recoil  as  well  as  when 
their  charges  are  made  to  impel  a  weight  of  (hot,  though  the 
recoil  is  not  in  the  fame  degree  in  both  cafes. 

2  P  2  It 
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It  is  cafy  to  determine  the  velocity  of  the  reccil  in  any  given 
cafe,  by  fufpending  the  gun  in  an  horizontal  pofition  by  tw^'o 
pdndulous  rods,  and  meafuring  the  arc  of  its  afcent,  by  means 
of  a  ribbon  according  to  the  method  already  defcribed,  and  this 
will  give  the  momentum  of  the  gun,  its  weight  being  known, 
and  coniequently  the  momentum  of  it§  charge.  But  in  order 
tQ  determine  the  velocity  of  the  bullet  from  the  recoil,  it  will 
be  neceflary  to  find  out  how  much  the  weight  and  velocity  of 
the  elaftic  fluid  contributes  to  it. 

That  part  of  the  recoil  which  arifes  from  the  expanfion  of 
this  fluid  is  always  very  nearly  the  fame,  whether  the  powder  is 
fired  alone,  or  whether  the  charge  is  made  to  impel  one  or  more 
bullets,  as  I  have  found  by  a  great  variety  of  experiments. 

If  therefore  a  gun,  fufpended  according  to  the  method  pre- 
fcribed,  is  fired  with  any  given  charge  of  powder,  but  without 
any  bullet  or  wad,  and  the  recoil  is  obferved,  and  if  the  fame 
piece  is  afterwards  fired  with  the  fame  quantity  of  powder,  and 
a  bullet  of  a  known  weight,  the  excefs  of  the  velocity  of  the 
recoil  in  the  latter  cafe,  over  that  in  the  former,  will  be  pro- 
portional to  the  velocity  of  the  bullet ;  for  the  difference  of 
thefe  velocities,  multiplied  into  the  weight  of  the  gun,  will  be 
equal  to  the  weight  of  the  bullet  multiplied  into  its  velocity. 

Thus  if  W  is  put  equal  to  the  weight  of  the  gun, 

U  =  the  velocity  of  its  recoil,  when  it  is  fired  with 
any  given  charge  of  powder,  without  any  bullet, 

V  =  the  velocity  of   the  recoil,    when   the  fame 
charge  is  made  to  impel  a  bullet, 

B  =  the  weight  of  the  bullet,  and 

V  =  its  velocity, 

b  will  be  7;  =  lE^. 
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Let  us  fee  how  this  method  of  determining  the  velocities  of 
bullets  will  anfwer  in  pradice. 

In  the  94th  experiment  the  recoil,  with  165  grains  of  pow- 
der, without  a  bullet,  was  5,5  inches,  and  in  the  95th  experi- 
ment, with  the  fame  charge,  the  recoil  was  5,6  inches.  The 
mean  is  5,55  inches  ;  and  the  length  of  the  rods  by  which  the 
barrel  was  fufpended  being  64  inches,  the  velocity  of  the  recoil 
(=  U)  anfwering  to  5,55  inches  meafured  upon  the  ribbon,  is 
that  of  1 5 1358  feet  in  a  fecond. 

In  five  experiments,'  with  the  fame  charge  of  powder,  and 'a; 
bullet  weighing  580  grains,  the  recoil  was  as  follows,  viz.^ 

The  20th  experiment  14,73  inches 
2ift        -  14,2 

22d         -  14,8 

23d  -  14,58 

24th  •         14,68 

5)73,      (=  1 4,6  inches  at  a  mean, . 

\ 

And  the  velocity  of  the  recoil  (  =  V)  anfwering  to  the  length 
w  that  of  2,9880  feet  in  a  fecond:  confequently  V-U,  or 
2,9880-  1,1358  is  equal  to  1,8522  feet  ina  fecond. 

But  as  the  velocities  of  recoil  are  known  to  be  as  the  chords 
of  the  arcs  through  which  the  barrel  afcends,  it  is  notneceflary 
m  order  to  determine  the  velocity  of  the  bullet  to  compute  the 

velocities  V  and  U ;  but  the  quantity  V  -  U,  or  the  difference 
of  the  velocities  of  the  recoil  when  the  given  charge  is  fired 
with  and  without  a  bullet,  may  be  computed  from  the  value 
of  the  difference  of  the  chords,  by  one  operation.  Thus  the 
velocity  anfwering  to  the  chord  9,05  is  that  of  1 98522  feet  in 

a  fecond,  which  isjufl  equal  to  V  -U,  as  was  before  found. 

The 


282  Mr.  Thompson's  Experiments 

The  weight  of  the  barrel,  together  with  its  caxTiage5  was 
47  J  pounds,  to  which  three  quarters  of  a  pound  is  to  be  added 
on  account  of  the  weight  of  the  rods  by  which  it  was  fuf- 
pended,  which  makes  W  =  48  pounds,  or  336,000  grains, 
and  the  weight  of  the  bullet  was  580  grains.  B  is  therefore 
to  W  as  580  is  to  336,000,  that  is,  as  i  is  to  579,31  very 

nearly ;  and  v  (  =  ^""^^^  is  equal  to  V  -  U  x  S7%3^' 

The  value  of  V  -  U  anfwering  to  the  experiments  before 
mentioned  was  found  to  be  1,8522  ;  confequently  the  velocity 
of  the  bullets  (=  'y)  was  1,8522  x  579*31  =  1073  feet  in  a  fe- 
cond,  which  is  extremely  near  1083  feet  in  a  fecond,  the  mean 
of  the  velocities,  as  they  were  determined  by  the  pendulum. 

But  the  computation  for  determining  the  velocity  of  a  bullet 
upon  thefe  principles  may  be  rendered  ftill  more  fimple  and  eafy 
in  praftice ;  for  the  velocities  of  the  recoil  being  as  the  chords 
meafured  upon  the  ribbon,  if 

c  is  put  equal  to  the  chord  of  the  recoil  exprefled  in 
Englifh  inches,  when  the  piece  is  fired  with  powder 
only,  and 
C  =:  the  diord  when  a  bullet  is  difcharged  by  the  fame 
charge, 

then  C - c  will  be  as  V - U ;  and  confequently  as  ^"^^     , 

which  meafures  the  velocity  of  the  bullet,  the  ratio  of  Wto  B 
4'emaining  the  fame. 

If  therefore  we  fuppofe  a  cafe  in  which  C  -  c  is  equal  to  one 
inch,  and  the  velocity  of  the  bullet  is  computed  from  that 
chord,  the  velocity  in  any  other  cafe,  wherein  C  - 1  is  gceater 
or  lefs  than  one  inch,  will  be  found  by  multiplying  the  dif- 
ference of  the  chords  C  and  c  by  the  velocity  that  anfvyers  to  a 
difference  of  one  inch. 

The 
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The  length  of  the  parallel  rods  by  which  the  barrel  was  fuf- 
pended  being  64  inches,  the  velocity  of  the  recoilanfwering  to 
C  -  c=  I  inch  meafured  upon  the  ribbon  is  0,204655  parts  of  a 
foot  in  a  fecond ;  and  this  is  alfo,  in  this  cafe  the  value  of 
V  -  U ;  the  velocity  of  the  bullet  is  therefore  v  =  0,204655  x 

579531  =  ^^^^ZS  ^^^^  ^^^  ^ fecond. 

Confequently  the  velocity  of  the  bullet  exprefled  in  feet  per 
fecopd  may  in  all  cafes  be  found  by  multiplying  the  difFereuce 
of  the  chords  C,  and  c,  by  11 8,35,  the  weight  of  the  barrel,  the 
length  of  the  rods  by  which  it  is  fufpended,  and  the  weight  of 
the  bullet  remaining  the  faqjp,  and  this  whatever  the  charge  of 
pov/der  may  be  that  is  made  ufe  of,  and  however  it  may  differ 
in  ftrength  or  goodnefs. 

According  to  this  rule  the  velocities  of  the  bullets  in  the  fol*- 
lowing  experiments  have  been  computed  from  the  recoil ;  and 
by  comparing  them  with  the  velocities  fliewn  by  the  pendulum,- 
we  fhall  be  enabled  to  judge  of  the  accuracy  of  this  new  me- 
thod of  determining  the  velocities  of  bullets. 

In  the  76th  and  77th  experiments,  ^vhen  the  piece  was  fired 
with  145  grains  of  powder  and  a  bullet,  the  recoil  was  13,25. 
and  139159  or  13,2  at  a  mean;  and  with  the  fame  charge  of 
powder,  without  a  bullet,  the  recoil  was  4,5  and  4,3,  or  4,4. 
at  a  mean  (fee  the  84th  and  9.3d  experiments).      C—c  is; 
therefore  13,2  —4,4=  8,8  inches,  and  the  velocity  of  the  bul- 
lets =8,8  x  118,35=  1045  ^^^*^  '^^  ^  fecond.     The  mean  of 
the  velocities  as  they  were  determined  by  the  pendulum  is  that 
of  1040  feet  in  a  fecond.     In  the  104th  and  105th  experiments, 
the  recoil  was  12,92   and    13,28,  and  the  velocity  computed. 
from  the  mean  of  thofe  chords  is  1030  feet  in  a  fecond;.  but 
the  velocity  (hewn  by  the  pendulum  was  no  more  than  about  • 
900  feet  in  a  fecond.     As  the  recoil  was  fo  nearly  equal  to» 

what- 
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what  it  was  in  the  76th  and  77th  experiments  bei^ore mentiond, 
when  the  velocities  (hewn  by  the  recoil  and  by  the  pendulum 
Were  almoft  exactly  the  fame,  I  am  inclined  to  believe,  that 
there  muft  have  been  fome  miftake  in  determining  the  velo- 
cities by  the  pendulum  in  thefe  laft  experiments,  and  that  the 
velocity  (hewn  by  the  recoil  is  moft  to  be  depended  on. 

With  290  grains,  or  half  the  weight  of  the  bullet  in  pow- 
der, in  the  48th,  49th,  and  50th  experiments,  the  recoil  was 
22,58,  22,92,  and  22,38  ;  and  the  recoil,  with  the  fame  charge 
of  powder,  without  a  bullet,  at  a  mean  of  the  60th  and 
99th  experiments,  was  10,66.  ffhe  mean  of  the  velocities 
of  the  bullets,  computed  from  the  recoil,  is  therefore  141 6 
feet  in  a  fecond,  and  the  velocity  (hewn  by  the  pendulum  was 
1427  feet  in  a  fecond :  the  difference  is  not  confiderable.  The 
mean  of  the  velocities  in  the  109th,  iioth,  iiith,  and 
1 1 2th  experiments  is  by  the  recoil  1 464,  and  by  the  pendu- 
lum 1 444  feet  in  a  fecond. 

With  330  grains  of  powder  the  velocities  of  the  bullets 
appear  to  have  been  as  follows,  viz. 

Vent  at  o.        Vent  at  1,3.        Vent  at  a,6. 

By  the  recoil  1543  i6io  1610 

By  the  pendulum         1594  1625  1528 

See  the  62d,  63d,  64th,  65th,  66th,  67th,  and  17th 
experiments. 

The  uniformity  of  the  recoil  was  in  all  cafes  very  remarkable. 
Thus,  in  the  firfl:  fet  of  experiments  with  290  grains  of  pow- 
der (from  the  48th  to  the  57th  experiment  inclu(ive)9  the  recoil 


Vent 
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r 


Vent  at  o. 

Vent  at  1,3. 

Vent  at  a,6. 

22,58 

23,21 

23,06 

22,92 

23.76 

23,26 

22,38 

23,06 

23,26 

3)67,88  3)l^^^3  4)93^14 


Means  =22,626  ^3»343    ^^^^    23,285 

If  now  we  take  a  mean  of  the  60th  and  99th  experi- 
ments, and  call  the  recoil,  without  a  bullet,  10,66  as  before, 
the  velocities  will  turn  out, 

Vent  at  o.    Vent  at  1,3.  Vent  at  2,6, 

By  the  recoil         -  -  1416         1501  1494 

And  by  the  pendulum  they  were     1427         ^493         ^494 

■    ■  '  ■  *  ■  I  ■ n 

The  difference  is  only  •  -11  +8  +34 

The  recoil  was  equally  regular  in  the  1 1 7th  and  five  fuc- 
ceeding  experiments,  when  the  charge  was  no  lefs  than  437!  grs. 
=  I  ounce  avoirdupois  in  powder ;  and  the  velocities  of  the 
bullets  determined  from  the  recoil  are  very  nearly  the  fame  a$ 
they  were  fhewn  by  the  pendulum.  Thus,  in  the  117th, 
1 1 8th,  and  1 1 9th  experiments  the  mean  recoil  was  ^^^^  ; 
and  in  the  i2otb,  X2ift  and  I22d  experiments  it  was 
32,866.  And  if  the  recoil  without  a  bullet  is  called  17,9,  as 
it  was  determined  by  the  1 23d  experiment,  which  was  madd 
immediately  after  the  experiments  before  mentioned,  then  will 
the  velocities  be, 
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Vent  at  o.  Vent  at  a, 6 

By  the  recoil  -  -         1822  1771        ^ 

And  by  the  pendulum  they  were     1 764  1 75 1 

The  difference  is  only  -  +58    and     +  20  feet 

in  a  fecond,  which  is  lefs  than  what  frequently  occurs  in  re- 
peating the  fame  experiment. 

In  the  nth,  12th,  13th,  and  14th  experiments,  when  the 
piece  was  fired  with  310  grains  of  powder  and  a  bullet,  the 
recoil  was  24,69,  24,95,  24>9>  and  24,9  :  and  in  the  15th, 
l6th,,  1 8th,  and  19th  experinientss  with  330  grains  of  pow- 
der, the  recoil  was  26,2,  26,2,  26,3,  and  ^6,4.  The  regu- 
larity of  thefe  numbers  is  very  ftriking;  and  though  we 
x:annot  compare  the  velocities  of  the  bullets  determined  by  the 
two  methods  as  we  have  done  in  other  cafes  (as  there  are  rea- 
fons  to  believe,  that  the  velocities,  as  they  are  fet  down  in  the 
tables,  are  not  much  to  be  depended  on,  and  as  the  recoil,  with 
the  given  charge  of  3 1  o  grains  of  powder  without  a  bullet,  is 
not  known)  yet  the  regularity  of  the  recoil  in  thefe  experi- 
ments affords  good  grounds  to  conclude,  that  the  method  of 
determining  the  velocities  of  bullets  founded  upon  it  muft  be 
very  accurate. 

But  of  all  the  experiments  thofe  numbered  from  84  to  9 z 
inclulive  afford  the  ftrongeft  proof  of  the  accuracy  of  this  me- 
thod. In  thofe  every  poflible  precaution  was  taken  to  prevent 
errors  arifing  from  adventitious  circumflanccs,  and  the  weights 
of  the  bullets  and  their  velocities  were  fo  various,  that  the  uni- 
fbrm  agreement  of  the  two  methods  of  determining  the  velo- 

* 

cities  in  thofe  trials  amounts  almoft  to  a  demonftration  of  the 
truth  of  the  principles  upon  which  this  new  method  is  founded. 


B/ 
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•  By  the  following  table  the  rcfult  of  thefe  experiments  majf 
be  feen  at  one  view. 


• 

n 

£ 

Velocity  of  the 
bullet. 

S 

Grs. 

-2      *^ 
h 

w 

B  - 

JB 

h 

< 

The  cxpcri 

• 

0  s 

84tb  and  g^i 
85th 

-  4,4 
7,16 

90 

3733.3 

2109 

1763 

+  346 

86th 

25 » 

1338,6 

9,62 

143^ 

»3»7 

+"j 

87th 

354 

949. » 5 

",03 

1288 

1136 

+  15* 

88th 

600 

560, 

15,22 

1240 

1239 

+  tx 

89ch 

603 

557,2* 

»5»i3 

1224 

1229 

+    5 

90th 

1 184 

283,78 

a  1,92 

iQi7 

978 

-  39 

91ft 

»754 

19^56 

27,18 

893 

916 

-  23 

9zd 

a3S2 

141,86 

32,25 

8l2 

833 

-    21 

The  charge  of  powder  conlifted  of  x  45  grains  in  weight  ia 
eiich  experiment* 

In  order  to  (hew^  in  a  more  ftriking  manner,  the  fefuit  of 
thefe  experiments,  and  the^  companion  of  the  two  methods  of 
afcertaining  the  velocities  of  bullets,  I  have  drawn  the  fig.  1 6» 
where  the  numbers  that  are  marked  upon  the  line  AB  are  taken 
from  A  towards  B,  in  proportion  to  the  weights  of  the  bullets ; 
while  the  lines  drawn  from  thofe  numbers  perpendicular  from 
AB  (as  w,  v,  for  inftance,  at  the  number  2352)  and  ending  at 
the  curve  r,  //,  exprefs  their  velocities,  as  (hewn  by  the  pendu* 
lum.  The  continuation  of  thofe  lines  on  the  oppofite  fide  of 
the  line  AB  fhew  the  recoil,  and  alfo  the  velocities  of  the  bul-* 
lets  as  determined  from  it ;  thus  w,  r,  and  the  (dotted)  lines 

2  Qji  parallel 
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parallel  to  It,  which  end  at  the  line  g^  f^  exprcfs  the  recoil ; 
and  the  portion  of  each  of  thofe  lines  that  is  comprehended  be- 
tween the  line  AB  and  the  curve  w,  n  (as  w,  u)  is  as  the  velo- 
city of  the  bullet  in  the  feveral  experiments.  The  line  A,  Cj 
ilenotes  the  weight  of  the  charge  of  powder ;  and  the  line 
A,  my  the  velocity  with  which  the  elaftic  fluid  efcapes  cut  of 
the  piece,  when  the  powder  is  fired  without  any  bullet. 

Upon  an  in(pe6lion  of  this  figure,  as  well  as  from  an  exami- 
nation of  the  foregoing  table,  it  appears,  that  the  velocities 
determined  by  the  two  methods  agree  with  great  nicety  in  all 
the  experiments  after  the  87th ;  but  in  the  87th  experiment, 
an,d  alfo  in  the  86thj  but  particularly  in  the  85th,  the  dif- 
ference in  the  refult  of  thefe  difFerent  methods  is  very  confi- 
derable  :  and  it  is  remarkable,  that  in  thofe  experiments  where 
they  difagree  moft,  the  velocities  of  the  bullets,  as  determined 
by  the  pendulum,  are  extremely  ifregular;  while,  on  the  other 
hand,  the  gradual  iucreafe  of  the  recoil  as  the  bullets  were 
heavier,  and  the  great  regularity  of  the  correfponding  veldci- 
ties,  afford  good  grounds  to  conclude,  that  this  difagreeroent  is 
not  owing  to  any  inaccuracy. in. the  new  method  of  afcertaining 
the  velocities,  but  to  fome  other  caufe  that  remains  to  be  ia- 
veftigated. 

But  before  we  proceed  in  this  inquiry,  let  us  feparate  the  five 
laft  experiments  in  the  foregoing  table ;  and,  fumming  up  the 
velocities  determined  by  the  two  methods,  we  fhall  fee  by  their 
difference  how  thofe  methods  agr^d  upon  the  whole,  in  this 
iij^ftance. 
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Here  the  difference  in  the  refult  of  the  two  methods  does  not 
amount  to  ^-cVir^h  part  of  the  whole  velocity ;  but  I  lay  no- 
ftrefs  upon  this  extraordinary  argument.  1  am  fenfible  that  it 
muft  in  fome  degree  have  been  accidental ;  but  as  the  difference 
in  the  velocities,  computed  by  thefe  different  methods,  was  in 
no  inftance  confiderable,  not  being  in  any  cafe  (b  great  as  what 
frequently  occurred  in  the  moft  careful  repetition  of  the  fame 
experiment,  and  as  the  velocities,  as  determined  by  the  recoil, 
were  much  more  regular  than  tbofe  fhewn  by  the  pendulum,  as 
appears  by  comparing  the  curves  g^  fy  and  w,  «,  (fig.  16.) 
with  the  crooked  line  r,  ^,  I  think  we  may  fairly  conclude, 
that  this  new  method  may  with  fafety  be  relied  on  in  pradlice. 

The  greateft  difference  in  the  velocities,  as  afcertained  by  the 
two  methods,  appears,  in  the  inflance  of  the  85th  experiment, 
where  the  velocity  determined  from  the  recoil  exceeds  that 
(hewn  by  the  pendulum  by  346  feet  in  a  fecond,  the  former  ve* 
locity  being  that  of  2109  feet  in  a  fecond,  the  latter  only  1763 
feet  in  a  fecond  ;  and  in  the  two  fucceeding  experiments,  the 
velocities  fhewn  by  the  pendulum  are  likewife  deficient,  though 
not  in  fo  great  a  degree. 

This 
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Tills  apparent  deficiency  remains  now  to  be  Accounted  for  j 
and,  firft,  it  cannot  be  fuppofed,  that  it  arofe  from  any  imper- 
fedlion  in  Mr.  robins's  method  of  determining  the  velocities  of 
bullets ;  for  that  method  is  founded  upon  fuch  principles  as  leave 
no  room  to  doubt  of  its  accuracy  ;  and  the  pradical  errors  that 
occur  in  making  the  experiments,  and  which  cannot  be  intirely 
prevented,  or  exadtly  compenfated,  are  in  general  fo  fmall,  that 
the  difference  of  the  velocities  in  queftion  cannot  be  attributed 
to  tKem.     It  is  true,  the  efFeft  of  thofe  errors  is   more  likely 
to ,  appear  in  experiments  made  under  fuch  circumftances  as 
thofe  under  which  the  experiments  we  are  now  fpeaking  of 
Were  made,  than  in  any  other  cafe ;  for  the  bullets  being  very 
light,  the  arc  of  the  afcent  of  the  pendulum  was  but  fmall, 
and  a  fmall  miftake  in  meafuring  the  chord  tipon  the  ribbon 
would  have  produced  a  very  confiderable  error  in  computing  the 
velocity  of  the  bullet :  thus,  a  difference  of  one  tenth  of  an 
inch,  more  or  lefs,  upon  the  ribbon  in  the  85th  experiment^ 
would  have  made  a  difference  in  the  velocity  of  more  than  1 20 
feet  in  a  fecond.     But  independent  of  the   pains  that  were 
taken  fo  prevent  miftakes,  the  ftriking  agreement  of  the  ve- 
locities determined  by   the  two  methods  in  the  experiments 
which  immediately  follow^  as  alfo  in  all  other  cafes  where  they 
could  be  compared,  afibrds  abundant  reafon  to  conclude,  that 
the  errors  arifing  from  thofe  caufes  were  in  no  inftance  very 
confiderable. 

But  if  both  methods  of  afcef  raining  the  velocities  of  bullets 
are  to  be  relied  on,  then  the  difference  of  the  velocities,  as  de- 
termiued  by  them  in  thefe  experiments,  can  only  be  accounted 
for  by  fuppofing  that  it  ardfe  from  their  having  been  diminifhed 
by  the  refiflance  of  the  air  in  the  pafTage  of  the  bullets  from 
the  mouth  of  the  piece  to  the  pendulum ;  and  this  fufpicion 

-  will 
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will  be  much  ftrengthened  when  we  confider  how  great  the 
refiftance  is  that  the  air  oppofes  to  bodies  that  move  very  fwiftly 
in  it,  and  that  the  bullets  in  thefe  experiments  were  6ot  only 
projefled  with  great  velocities,  but  were  al(b  very  light,  and 
confequently  more  liable  to  be  retarded  by  the  refiftance  on  that 
account. 

To  put  the  matter  beyond  all  doubt,  let  us  fee  what  the  re- 
finance was  that  thefe  bullets  met  with,  and  how  much  their 
velocities  were  diminifhed  by  it.  The  weight  of  the  bullet  (in 
the  85th  experiment)  was  90  grains  ;  its  diameter  was*o,78  of 
an  inch,  and  it  was  projedled  witfi  a  velocity  of  2 1 09  feet  in  a 
fecond. 

If  now  a  computation  be  made  according  to  the  method  laid 
down  by  Sir  isaac  newton  for  comprefled  fluids,  it  will  be 
found,  that  the  refiftance  to  this  bullet  was  not  lefs  than  %\ 
lbs.  avoirdupois,  which  is  fomething  more  than  660  times  its 
weight.  But  Mr.  robins  has  ftiewn,  by  experiment,  that 
the  refiftance  of  the  air  to  bodies  moving  in  it  with  very  great 
velocity  is  near  three  times  greater  than  Sir  isaac  has 
determined  it,  and  as  the  velocity  with  which  this  bullet  was 
impelled  is  confiderably  greater  than  any  in  Mr.  robins's  expe- 
riments, it  is  highly  probable,  that  the  refiftance  in  this  in- 
ftance  was  at  leaft  2000  times  greater  than  the  weight  of  the 

bullet. 

The  diftance  from  the  mouth  of  the  piece  to  the  pendulum^ 
as  we  have  before  obferved,  was  1 2  feet ;  but,  as  there  is  rea- 
fon  to  think,  that  the  blaft  of  the  powder,  which  always  fol- 
lows the  bullet,  continues  to  aft  upon  it  for  fome  fenfiWe  fpace 
of  time  after  it  is  out  of  the  bore,  and  by  urging  it  on  coun- 
ter-balances, or  at  leaft  counter-a£ts  in  a  great  meafure  the 
refiftance  of  the  air,  we  will  fuppofe,  that  the  refiftance  does 

I  not 
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not  begin,  or  rather  that  the  motion  of  the  bullet  does  not 
begin  to  be  retarded,  till  it  has  got  to  the  diftance  of  two  feet 
from  the  muzzle.  The  diftance,  therefore,  between  the  barrel 
and  the  pendulum,  inftead  of  12  feet,  is  to  be  eftimated  at  10 
feet ;  and  as  the  bullet  took  up  about  ^^  part  of  a  fecond  in 
running  over  that  fpace,  it  muft  in  that  time  have  loft  a  velo- 
city of  about  335  feet  in  a  fecond,  as  will  appear  upon  making 
the  computation,  and  this  will  very  exactly  account  for  the 
apparent  diminution  of  the  velocity  in  the  experiment ;  for  the 
difference  of  the  velocities,  as  determined  by  the  recoil  and  by 
the  pendulum,  =  2109  -  1763  =  346  feet  in  a  fecond,  is  ex- 
tremely near  335  feet  in  a  fecond,  the  diminution  of  the  velo- 
city by  the  refiftance  as  here  determined. 

If  the  diminution  of  the  velocities  of  the  bullets  in  the  two 
fubfeqUent  experiments  be  computed  in  like  manner,  it  will 
turn  out  in  the  86th  experiment  =65  feet  in  a  fecond,  and  in 
the  87th  experiment  =  33  feet  in  a  fecond;  and  making  thefe 
correftions,  the  comparlfbn  of  the  two  methods  of  aiccrtaining 
the  velocities  williland  thus  : 

85th  exp.       86th  exp.     87th  exp* 

Velocities  fhewn  by  the  pendulum,      1 763         1 3 1 7         1 136 
Add  the  diminution  of  the  velocity"]  .^ 

by  the  refiftance  of  the  air,  /  ^^^  ^  ^^ 
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"Velocity  by  the  recoil,  -  2109         1430         1288 


The  difference  =  +11  +48        +119 


So  that  it  appears,  notwkhftanding  thefe  corrections,  that 
the  velocities  in  the  86th  and  87th  experiments,  and  particu- 
iarly  in  the  laft,  as  they  were  determined  by  the  pendulum^  are 

ftill 
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ftill  confiderably  deficient.    But  the  manifeft  irregularity  of  the 
velocities  in  thofe  inftances  affords  abundant  reafbn  to  conclude, 
that  it  mufl  have  arilen  from  fome  extraordinary  accidental 
caufe,  and  therefore,  that  little  dependance  is  to  be  put  upon 
the  refult  of  thofe  experiments,     I  cannot  take  upon  me  to 
determine  pofitively  what  the  caufe  was  which  produced  this 
irregularity;    but  I  ftrongly  fufpeft,  that  it  arofe  from  the 
breaking  of  the  bullets  in  the  barrel  by  the  force  of  the  explo- 
iion :  for  thefe  bullets,  as  has  already  been  mentioned,  were 
formed  of  lead,  inclofing  lefler  bullets  of  plafter  of  Paris ; 
and  I  weH  remember  to  have  obferved  at  the  time  feveral  fmall 
fragments  of  the  plafter  which  had  fallen  down  by  the  fide  of 
the  pendulum.     Iconfefs,  I  did  not  then  pay  much  attention  to 
this  circumflance,  as  I  naturally  concluded,  that  it  aroie  from 
the  breaking  of  the  bullet  in  penetrating  the  target  of  the  pen- 
dulum^  and  that  the  fmall  pieces  of  plafter  I  faw  upon  the 
ground  had  fallen  out  of  the  hole  by  which  the  bullet  entered. 
But  if  the  bullets  were  not  abfolutely  broken  in  pieces  in  firing, 
yet^  if  they  were  confiderably  bruifed,  and  the  plafter  or  a  part 
of  it  were  feparated  from  the  lead,  fuch  a  change  in  their  form 
might  produce  a  great  increafe  of  the  refiftance,  and  even  their 
initial  Velocities  might  be  afFefted  by  it,  for  their  form  being 
changed  from  that  of  a  globe  to  fome  other  figure,  they  might 
not  fit  the  bore,  and  a  part  of  the  force  of  the  charge  might 
be  loft  by  the  windage. 

That  this  aftually  happened  in .  the  87th  experiment  feems 
very  probable,  as  the  velocity  with  which  the  bullet  was  pro- 
jefted,  as  it  was  determined  by  the  recoil,  is  confiderably  lefs  • 
in  proportion  in  that  experiment  than  in  either  of  thofe  that  • 
precede  it  in  that  fet,  or  in  thofe  which  follow  it,  as  will  ap- 
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pear  upon  infpefting  the  purvature  of  the  line  f»,  »,  fig.  i^",. 
But  1  forbear  to  infiil  furthcr-upon  this  matten 

As  I  have  made  an- allowance  for  the  refiftance  of  the  air  in 
tliele  experiments,  it  may  be  expefted  thati  fliould  do  it; in  all 
other  cafes;  but,  1-  think,  it  will  appear  upon- enquiry,  that 
the  diminution  of  the  velocities  of  the  bullets  on  that  account 
was  ill  general  ixr  inconiiderable  that  it  might  fafely  be  neg- 
leiled  :  thus,  for  inftance,  in  the  experiments  with  an  ounce 
of  powder,  when  the  velocity  of  the  bullet  was  more  than 
1750  feet  in  a  fecond,  the  diminution  turns  out  no  more  than 
about  25  or  30  feet  in  a  fecond,  though  we  fuppofe  the  full 
refiftance  to  have  begun  fo  near  as  two  feet  from  the  mouth  of 
the  piece ;  and:  in  all  cafes  where  the  velocities  were  lefs^  the^ 
cfFedt  of  the  refiftance  was  lefs  in  a  much  greater  proportion  r 
and  even  in  this  inftance  there  is  reafon  to- think,  that  the  di- 
minution of  the  velocity  as  we  have  determined  it  is  too  great ; 
for  the  flame  of  gun-powder  expands  with  fuch  an  amazing 
rapidity,  that  it  is  fcarcely  to  be  fuppofed  but  that  it  follows 
the  bullet,  and  continues  to  aft  upon  it  more  than  two  feet,  or 
even  four  feet,  from  the  gun,  and  when  the  velocity  of  the 
bullet  is  lefs,  its  atHon  upon  it  muft  be  fenfible  at  a  ftiir 
greater  diftance; 

With  2-1 8  grains  of  powder  the  recoil  appears  to  have  been 
very  uniform ;  but  if  the  velocities  of  the  bullets  are  deter- 
mined from  the  recoil  in  the  40th  and  feven  following  experi- 
ments, when  this  charge  was  made  ufe  of,  and  from  the  recoil 
without  a  bullet  in  the  7 2d  and  73d  experiments,  the  velocities 
will  turn  out  confiderably  too  finall,  as  we  IhalP  fee  by  making 
the  comjiutationi 

The 
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Tent  at  o.  Vent  tt  1,3. 

f  40th  exp.  was  .1 8,      and  in  the  43d cxp.  it  was  1 8,3 
The    re-  1 41ft        -        ^h1^         -        44th        -        18,35 
coil  in  the    42d         -        i7i9*J         -        45th         -         i^»35 

^47th        •  8,1  •        46th       •  .        18,35 

4)71.72  4)73»35 

Means  =     i7»93  and.  18,34 

And  in  the  7 2d  and  73d  experiments  the  recoil,  with  the 
fame  charge  without  a  bullet,  was  8,72,  and  8,47  =  8,595  at 
a  medium,  the  velocities  therefore  turn  out, 

'Vent  at  o.      Vent  at  1,3. 
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inftead  of         1 225  and  1 276  as  they  were  fhewn  by  the  pend. 

The  difference  120  and    423  feet  in  a  fecond  amounts  to  near 
one  twelfth  j)art  of  the  whole  velocity* 

This  difference  is  undoubtedly  owing  to  the  recoil  without  a 
bullet  being  taken  too  great ;  for  it  is  not  only  greater  than  it 
ought  to  be,  in  order  that  the  velocities  of  the  bullets  may 
come  out  right ;  but  it  is  confiderably  greater  in  proportion 
than  the  recoil  with  any  other  charge. 

Thus,  with  145    grains  of  powder  the  cecoil  was    4,4 
with  165    grains  -         -  it  was     $j$^ 

z^o    grains  -  ...  10,66 

330    grains         -  -         -  12,7 

and  with  437!  grains         -         r         -      it  was  17,9     ' 

And  if  the  recoil  with  218  grains  is  determined  from  thefe' 
numbers  by  interpolation,  it  comes  out  7,5 ;  and  with  that 

R  r  z  value 
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value  for  C  the  velocities  of  the  bullets  in  the  before  men- 

« 

tioned  expenmeuts  appear  Co  be^ 


Vent  at  o. 

Vent  at  1,3. 

1243 

and       1 283  by  the  recoi! 

1225 

and       1 276  Jrhe  velocities 

^hich  is  eTtremely  tiear 
fhewn  by  the  pendulum. 

It  is  to  be  remembered,  that  the  7 2d  and  73d  experiments,  from 
which  we  before  determined  the  recoil  wit^i  the  given  charge 
of  powder  without  a  bullet,  were  not  made  upon  the  iame  day 
with  the  experin^ents  before  mentioned ;  and  it  is  well  known, 
that  the  force  of  powder  is  difterent  upon  different  days.  And 
it  is  worthy  of  remark,  that  in  thofe  two  experiments  the 
ftrength  of  government  powder  appeared  to  be  confiderably  the 
grcateft.  I  mention  thefe  circumftances  to  fhew  the  probability 
there  is,  that  the  recoil  in  thofe  experiments^  from  (bme  un- 
known caYife,  was  greater  than  it  ought  to  have  been,  or  ra- 
ther than  it  would  have  been,  had  the  experiments  been  made 
at  the  fame  time  when  the  experiments  with  the  buUets  were 
made ;  or  at  any  other  time  under  the  fame  circumftances. 

As  this  method  of -determining  the  velocities  of  the  bullets 
did  not  occur  to  me  till  after  I  had  finifhed  the  conirfe  of  my 
experiments,  and  had  taken  down  my  apparatus,  I  have  not 

« 

had  an  opportunity  of  afcertaining  the  recoil,  with  and  with- 
out a  4>uHet,  with  chat  degree  of  precifion  that  I  Could  wifli. 
If  I  had  thought  of  it  fooner,  or  if  I  had  recollefted  that  paf- 
fage  in  Mr.  robins's  new  Principles  of  Gunnery,  where  he 
fays,  "  The  part  of  the  recoil,  arifmg  from  the  expanfion  of 
"  tlie  powder  alone,  is  found  to  be  no  .greater  when  it  impels 
••  a  leaden  bullet  before  it,  than  when  the  Jamc  quamtity  i^  fired 
*^  without  any  wad  to  confine  it  :*'  I  fay,  if  thdt  pafiage  had 

occurred 
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occurred  to  me  before  it  had  been  too  late,  I  certainly  fhould 
have  taken  forae  pains  to  have  afciertained  the  faft ;  but  as  it  is, 
I  think,  enough  has  been  done  to  (hew,  that  there  is  the 
greateft  probability  that  the  velocities  of  bullets  may  in  all 
cafes  be  determined  by  the  recoil  with  great  accuracy ;  and  I 
hope  loon  to  have  it  in  my  power  to  put  the  matter  out  of  all 
doubt,  and  to  verify  this  new  method  by  a  courfe  of  conclu- 
five  experiments  which  I  am  preparing  for  that  purpofe. 

In  the  mean  time  I  would  juft  obferve,  that  if  this  me* 
thod  (hould  be  found  to  apfwer,  when  applied  to  mulket  bul* 
lets,  it  cannot  fail  to  anfwer  equally  well  when  it  is  applied  to 
cannon  balls  and  bomb  (hells  of  the  largeft  dimeniions ;  and  it 
is  apprehended,  that  it  will  be  much  preferable  to  any  method 
hitherto  made  public ;  not  only  as  it  may  be  applied  Ijidif- 
ferenrly  to  all  4cinds  of  rtiilkary  projefliles,  aud  that  with  vei 
little  trouble  or  expence  in  making  the  experiqient ;  but  alfo 
becaufe  by  it  the  velocities  with  \yhich  bullets  are  aSlually  pro^ 
jeSledztt,  determined ;  whereas  by  t;he  pendulum  their  velocities 
can  only  be  ifcertained  at  fome  diftance  from  the  guij,  ^nd 
after  they  have  loft  a  part  of  their  initial  velocities  by  the  refifl- 
ance  of  the  air  through  which  they  are  obliged  to  pafs  to  arrive 
at  the  pendulum. 

At  the  trifling  expence  of  ten  or  fifteep  pounds  an  apparatus 
might  be  conftru£led  that  would  anfwer  for  making  the  experi- 
ments with  a}l  the  different  kinds  of  ordnance  iti  the  6iiti(h 
fervice.  The  advantages  that  tnighJt  be  derived  from  fuclj  a 
(et  of  eitperiments  are  too  obvious  to  require  being  mQQtiQtied^ 
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Of  a  very  accuratemeihod (>f  proving  gun-powHer. 

All  the  eprouvetteSj  or  powder-triers,  in  common  ufe  are  de- 
feflive  in  many  refpefts.  Neither  the  abfolute  force  of  gun- 
powder can  be  determined  by  means  of  them,  nor  the  conipa- 
rative  force  of  different  kinds  of  it,  but  under  circumftances 
very  different  from  thofe  in  which  the  powder  is  made  ufe  of 
infervice. 

• 

.  As  the  force  of  powder  arifes  from  the  aftion  of  an  ^kftic 
fluid  that  is  generated  from  it  in  its  inflammation,  the  quicker 
the  charge  takes  fire,  the  more  of  this  fluid  will  be  generated 
in  any  given  fhort  fpace  of  tinie,  and  the  greater  of  courfe  will 
be  its  eff^eft  upon  the  bullet.    J8ut  in  the  common  method  of 
proving  gUn-powdfer,  the  weight  by  which  the  powder  is  con- 
fined is  fo.  great  in  proportion  to  the  quantity  of  the  charge, 
that  there  is  time  quite  fuflficient  for  the  charge  to  be  all  in- 
flamed, even  when  the  powder  is  of  the  floweft  compofition, 
before  the  body  to  be  put  in  motion  can  be  fenfibly  removed 
^rom  its  place.     The  experiment,  therefore,  may  ftiew  which 
of  two  kinds  of  powder  is  the  flrongeft,  when  equal  quantities 
of  both  are  confined  in  equal  fpaces,  and  completely  inflamed ; 
but  the  degree  of  the  inflammability,  which  is  a  property  eflen- 
tial  to  the  goodnefs  of  the, powder,  cannot  by  thefe  means  be 
afcertained. 

Hence  it  appears,  haw  powder  may  anfwer  to  the  prooj^ 
fuch  as  is  commonly  required,  and  may  neverthelefs  turn  out 
very  indiffereiit  when  it  comes  to  be  ufed  in  fervice.  And  this, 
I  believe,  frequently  happens;  at  leaft  I  know  complaints 
from  oflficers  of  the  badnefs  of  our  powder  are  very  common; 
and  I  would  fuppofe  that  no. powder  is  ever  received  by  the 
6  Board 
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Board  of  Ordnance  but  fuch  as  has  gone  through  the  efta- 
bliftied  examination,  and  has  anfvvered  to  the  ufual  teft  of  its 
being  of  the  ftandard  degree  of  ftrength. 

But  though  the  comnnon  powder  triers  may  (hew  powder 
to  be  better  than  it  really  is,  they  never  can  make  it  appear  to 
be  wx)rfe  than  it  i&;  it  will  therefore  always  be  the  intereftof 
thole  who  manufafture  that  commodity  to  adhere  to  the  old 
method' of  proving  it.  But  the  purchafer  will  find  his  account 
ifi  having  it  examined  in  a  method  by  which  its  goodnefs.  may 
be  ascertained  with  greater  precifion. 

The  method'  I  wouldrecommend  is  as  follows-     A  quantity 
of  powder  being  provided,  which,  from  any  previous  exami- 
nation or  trial,  is  known  to  be  of  a  proper  dfegree;  of  ftrength  to. 
ferve  as  a  ftandard  for  the  propf  of  other  powdfer^  a  given  charge 
of  it  is  to  be  fired,  with  a  fit  bullet,  in  a  barrel  fiifpended  by 
two  pendulous  rods,  according  to  the  method  before  defcribed, 
and' the  recoil  is  to  be  carefully  mcafured  upon  the  ribbon.    And 
tins  experiment  being  repeated  three  or  four  times ;  or  oftener  if" 
there  is  any  difference  in  the  recoil,  the  mean  andtheextreraes- 
of  the  chords  may  be  marked  upon  the  ribbon  by  black  lines., 
drawn  acrofs  it  j  and  the  word  proof  may  be  written  upon  the 
middle  line ;  or  if  the  recoil  is  uniform  (which  it  will  be  to  a 
fufficient  degree  of  accuracy,  if  care  is  taken  to  make  the  ex-- 
periments  under  the  fame  circumftances)  then  the  proof  mark 
is  to  be  madfe  in  that  part  of  the  ribbon  to  which  it  wascon- 
ftantly  drawn  out  by  the  recoil*  in  the  different  trials. 

The  recoil,  with  a  known  charge  of  ftandard  powder,  being 
thus  afcertained  and  marked  upon  the  ribbon,  let  an  equal' 
quantity  of  any  other  powder  (that  is  to  be  proved)  be  fired  in: 
the  fame  barrel,  with  a  bullet  of  the  fame  weight,  and  every 
other  circumftance  alike,  and  if  the  ribbon  is  drawn  out  as. 

far 
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far  or  farther  than  the  proof  mark,  the  powder  is  as  good  or 
better  than  the  ftandard  ;  but  if  it  falls  fliort  of  that  difbnce^ 
it  is  worfe  than  the  ftandard,  and  is  to  be  rejefted. 

For  the  greater  the  velocity  is  with  which  the  bullet  is  im- 
pelled, the  greater  will  be  the  recoil ;  and  when  the  recoil  is 
the  fame,  the  velocities  of  the  bullets  are  equal,  and  the  pow- 
der is  of  the  fame  degree  of  ftrength,  if  the  quantity  of  the 
charge  is  the  fame.  And  if  care  is  taken  in  proportioning  the 
charge  to  the  weight  of  the  bullet,  to  come  as  near  as  polCble 
to  the  medium  proportion  that  obtains  in  pradice,  the  deter- 
mination of  the  goodnefs  of  gun-powder  from  the  refult  of 
this  experiment  cannot  fail  to  hold  good  in  a£^ual  fervice. 

Fig.  14.  reprefents  the  propofed  apparatus,  drawn  to  a  fcale 
of  one  foot  to  the  inch.  ^,  bj  is  the  barrel  fufpended  by  the 
pendulous  rods  c^  di  and  r  is  the  ribbon  for  meafuring  the 
recoil. 

The  length  of  the  bore  is  30  inches,  and  its  diameter  is  one 
inch,  confequently  it  is  juft  30  calibres  in  length,  and  will 
carry  a  leaden  bullet  of  about  3  ounces. 

The  barrel  may  be  made  of  gun  metal,  or  qf  caft  iron  as 
that  is  a  cheaper  commodity ;  but  great  care  muft  be  taken  in 
boring  it,  to  make  the  cylinder  perfedlly  ftrait  and  fmooth,  as 
well  as  to  preferve  the  proper  diraenfions.  Of  whatever  metal 
the  barrel  is  made,  it  ought  to  weigh  at  leaft  50  lbs.  in  order 
that  the  velocity  of  the  recoil  may  not  be .  too  great ;  and  the 
fods  by  which  it  is  fufpended  (hould  be  five  feet  iu  length.  The 
vent  may  be  about  one  twentieth  of  ah  inch  in  diameter ;  and  it 
(hould  be  bouchedov  lined  with  gold,  in  the  fame  manner  as  the 
touch-hole  is  made  in  the  better  kind  of  fowling  pieces,  in 
order  that  its  dimenfions  may  not  be  increafed  by  repeated 
firing. 

I  The 


The  bullets  (hould  be  made  to  fit  the  bore  with  very  little 
windage ;  and  it  would  be  better  if  they  were  all  caft  in  the 
fame  mould,  and  of  the  fame  parcel  of  lead,  as  in  that  cafe 
their  weights  and  dimcnfions  would  be  more  accurately  the 
iame,  and  the  experiments  would  of  courfe  be  more  conclufive. 

The  ftated  charge  of  powder  may  be  half  an  ounce,  and  it 
Ihould  always  be  put  up  in  a  cartridge  of  very  fine  paper ;  and 
after  the  piece  is  loaded  it  fhould  be  primed  with  other  powder, 
firft  taking  care  to  prick  the  cartridge  by  thruftlng  a  priming 
wire  down  the  vent% 

As  it  appears,  fron)  jfeVeral  experiments  made  on  purpofe  to 
afcertain  the  fa<ft)  that  raniming  the  powder  more  or  lefs  has  a 
very  fenfible  effeft  to  iticreafe  .or  diminifh  the  force  of  the 
charge ;  to  prevent  any  inaccuracies  that  niight  arife  from  that' 
xraufe,  a  ram-rod»  fuch  as  is  reprefented  fig.  15.  miy  be  made 
ufe  of.  It  is  to  be  made  of  a  cylindric  piece  of  wood  in  the 
fame  manner  as  ram-rods  in  general  are  made,  but  with  the 
addition  of  a  rhig  C,  about  one  inch  and  a  half,  or  two  inched 
in  diameter^  which,  being  placed  at  a  proper  diftance  from  the 
end  {a)  of  the  ram-rod  that  goes  up  into  the  bore,  wiU  prevent  • 
its  being  thruft  up  too  far.  This  ring  may  be  made  of  wdod;* 
or  of  any  kind  of  metal  as  Ihall  be  found  moft  convenient; 
The  other  end  of  the  ram-rod  {b)  may  be  ji  or  32  inches  in 
length  from  the  ring,  and  the  extremity  of  it  being  covered 
with  a  proper  fubftance>  it  may  be  made  ufe  of  for  wiping  out 
the  barrel  after  each  experiment. 

The  machine  (/*)  for  the  tape  to  Aide  through  may  be  the 
fame  as  is  defcribqd  by  Dr.  HtTTToN  in  his  account  of  his  expe- 
riments on  the  initial  velocities  of  cannon  balls ;  as  his  me- 
thod  is  much  better  calculated  to  anfwer  the  purpofe  than  that 
propofed  and  made  ufe  of  by  Mr.  robins.  It  will  alfo  be 
Vol.  LXXI,  S  f  better 
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better  for  the  axis  of  the  pendulous  rods  to  reft  upon  level 
pieces  of  wood  or  iron,  than  for  them  to  move  In  circular 
grooves  :  only  care  muft  be  taken  to  confine  them  by  ftaples  or 
fome  other  contrivance,  to  prevent  their  flipping  out  of  their 
places. 

The  trunnions,  by  means  of  virhich  the  barrel  is  connefted 
with  the  pendulous  rods,  and  upon  which  it  is  fupported, 
fliould  be  as  fmall  as  poffible,  in  order  to  leflen  the  friftion  ; 
and  for  the  fame  reafon  they  fhould  be  well  poliflied,  as  well  as 
the  grooves  that, receive  them.  They  need  not  be  caft  upon  the 
barrel,  but'  may  be  fcrewed  into  it  after  it  is  finifhed. 

.  In  making  the  experiments,  regard  muft  be  had  to  the  heat 
of  the  barrel,  as  well  as  to  the  temperature  of  the  atmoiphere ; 
for  heat  and  cold,  drynefs  and  moifture,  have  a  very  fenfible 
effeft  ujpori  gun-powder  to  increafe  or  diminiih  its.  force^  If 
therefore  a  very  great  degree  of  accuracy  is  at  any  time  re« 
quired,  it  will  be  beft  to  begin  by  firing  the  piece  two  or  three 
times  merely  to  warm  it ;  after  which  three  or  four  experi- 
-mints  niay  be  made  with  ftandard  powder,  to  determine  anew 
the  proof  mark  (for  the  ftrength  of  the  fame  powder  is  dif- 
ferent upon  different  (Jays)  ;  and  when  this  is  done,  the  experF- 
xpents  with  the  powder  that  is  to  be  proved  are  to  be  made,, 
taking  care  to  preierve  the  fame  interval  of  time  between  the 
firings,  that  the  heat  of  the  piece  may  be  the  fame  in  each 
triah 

,  If  all  thefe  precautions  are  'taken,  and  if  the  bullets  are  of 
the  fame  weight  and  dimenfions,  powder  may  be  proved  by 
this  method  with  much  greater  accuracy  than  has  hitherto  been 
done  by  any  of  the  common  methods,  made  ufe  of  for*  that 
purpofe^ 
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Of  the  comparative  goodnefs^  or  value ^  of  powder  of  drfferent 

degrees  ofjlrength. 

Let  V  denote  the  velocity  of  the  bullet  with  the  ftronger 
powder,  and  put  v  equal  to  the  velocity  with  the  weaker, 
when  the  charges  are  equal,  and  the  weight  and  dimenfions  of 
the  bullets  are  the  fame,  and  when  they  are  difcharged  from 
the  fame  piece.  If  the  charge  is  augmented  when  the  weaker 
powder  is  made  ufe  of,  till  the  velocity  of  the  bullet  is  inv 
creafed  from  v  to  V,  or  becomes  equal  to  the  velocity  with  the 
given  charge  of  the  ftronger  powder^  the  value  of  the  charges 
may  then  be  faid  to  be  equal ;  and  coafequently  the  weaker 
powder  is  as  much  worfe  than  the  ftronger,  or  is  of  lefs  value 
in  proportion  as  the  quantity  of  it  required  by  the  pound,^  to, 
produce  the  given  effcft  is  greater.  ,     \ 

But  it  is  well  known,  that  the  velocities,  with  different 
quantities  of  the  fame  kind  of  powder,  are  in  the  fub-dupl)cate 
ratio  of  the  weights  of  the  charfi:es«  The  charees.  therefore^ 
muft  be  as  the  fquares  of  the  velocitiesi  and  coniequently'.thq  . 
charge  of  the  weaker  powder  muft  be  to  that  of  the,  ftronger^ 
when  the  velocities  are  equal,  as  VV  is  to  w*  The  weaker, 
powder  is  therefore  as  much  worie  than  the  ftronger  as  VV  is 
greater  than  vv ;  or  the  comparative  goodnefs  of  powder,  of 
different  degrees  of  ftrength,  is  as  the  fquares  of  the  velocities 
of  the  bullets  when  the  charges  are  equal. 

The  mean  velocity  of  the  bullets,  as  Ihewn  by  the  pen- 
dulum in  the  104th  and  105th  experiments,  when  the  piece 
was  fired  with  145  grains  of  government  powder,  was  894  feet 

S  f  2  ill 
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in  a  fecond ;  and  with  the  fame  quantity  of  double  proof  ♦  bat- 
tle powder  (experiment  N?  ip6)  the  velocity  was  990  feet  in  a 
fecond.  Now  the  fquarcs  of  thefe  velocities,  which,  as  we 
juft  obferved,  meafure  the  goodnefs  of  the  powder,  are  to  each 
other  as.  i  is  to  1,2263,  or  nearly  as  5  is  to  6. 

With  21-8  grains  of  government  powder,  the  mean  ve- 
locity in  four  experiments  fv/a;.  the  40th,  41ft,  42d^  and  43d) 
was  1225  feet  in  a  fecond;  and  in  the  experiment  N""  107. 
when  the  fame  quantity  of  double  proof  battle  powder  was 
made  ufe  of,  the  velocity  was  1380  in  a  fecond;  and 
1225^  is  to  ipo*  as  I  is  to  1,26^1. 

With  a^o  grains,  or  half  the  weight  of  the  bullet  in  go- 
vernment powder  in  the  109th,  iioth,  iiith,  and  112th 
experiments,  the  mean  velocity  of  the  bullet  was  1 444  feet 
in  a  fecond ;  but  with  the  fame  quantity  of  the  battle  powder 
(experiment  N°  116.)  the  velocity  was  1525  feet  in  a  fecond; 

i444  is'td  1525  ,  as  i  isto  1,1153. 

By  takiiig  a  medium. of  thefe  trials  It  appears,  that  double 
proof  battle  powder  is  l^etter  than  government  powder  in  pro- 
portion as  y, 2036 is  to  I,  or  nearly  as 6  isto  5. 

But  if,  infVead  of  w^eighing  the  powder,  we  efti&iate  the 
quantity  of  the  charge  by  riieafurement,  or  the  fpace  it  occupies 
in  the  bore  of  the  piece,  tfie  comparative  ftrength  of  battle 
pbwder  will  ippciir  to  be  conliderably  greater,  or  its  ftrength 
will  be  to  that  of  government  powder  nearly  as  4  is  to  3 ;,  for  the 
grains  of  this  better  kin'4  of  powder  being  more  coaipa&  and 
nearly  of  a  fpherical  form,  a  greater  weight  of  it  will  lie  in  any 

*  Thit  is  called  Vattk  powder,  not  becaufe  it  is  ufed  in  battle  or  in  war ;  but 
from  Battle^  the  name  of  a  village  in  K^ent,  where  that  kind  of  powder  is  made, 

,  S  given 
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given  rpace  than  of  government  J)0wder,  which  is  Forrncd  more 
loofely,  and  of  various  and  of  vfery  irregular  figures^ 

Now  the  common  price  of  double  proof  battle  powder,  as 
it  is  fold  by  the  wholefale  dealers  in  that  commodity,  is  at  the 
rate  of  jT.  10  per  cwt.  net;  which  is  juft  two  ihillings  by  the 
pound;  while  government  powdfer  is  fold  at ^.5  5/.  per  hun- 
dred, or  one  (hilling  an^  tV^^  of  a  penny  per  pound ;  but  bat- 
tie  powder  is  better'than  government'  powder  only  in  the  pro- 
portion of  1,2036  to  I,  or  of  one  ihilling  and  two  pence  to 
one  (hilling  and  ^tti  of  a  penny;  battle  powder  is  therefore 
fold  at  the  rate  of  ten*  pence  by.  the  pound,  or  41-*  per  cent. 
dearer  than  It  ought  to  be ;  or^  thofe,  who  make  ufe  of  it  in  pre- 
fercnce  to  government  powder,,  do  it  at  a  certain  lofs  of  41^^ 
per  cent,  of  the  mon6y  that  the  p6wder  cofts  tberti.. 

Of  the  re/at  Ion  of  the  velocities  of  bullets  to  their  weights.  - 

•  ■ 

Attorning  to  M K  robiKs's  theory,  when  bullets  <>f  the  farrie 
diameter,  but  different  weights,  are  difcharged  from  the  fame 
piece  by  the  fame  quantity  6f  pofwderf  their  velocities  ihould  be 
in  the  reciprocal  fub-duplicate  ratio  of  their  weights;  but  as 
this  theory  is  founded  upoA  afuppofition  that  the  afticm  of  the 
claftic  fluid,  generated  from  the  powder^  is  always  the  fame  in 
any  and  every  given  part  of  the  bore  whfen  the  chiarge  is  the 
fame,  whatever  may  be  the  weight  of  ^  the  bullet ;  and  as  no 
allowance  is  made  for  the  expenditure  of  forde  required  to  put 
the  fluid  itfelf  in  motion  j  or  for  the  Ibfs  of  it  by  the  vciit ;  it  is 
plain  that  the  theory  is  defective.  It  is  true,  Dr.  HxnPTONin  his  • 
experiments  found  this  law  to  obtain  without  any'  great  error,  » 
and  poUibly  it  may  hold  good  with  fufficient  accuracy  in  many 
cafes;  for  it  fometimes  happens  that  a  number  of  errors  or 

a£tionSf 
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aftions,  whofc  operations  have  a  contrary  tendency,  fb  compen- 
fate  each  other,  that  their  efFefts  when  united  are  not  feijfible* 
But  when  this  is  the  cafe,  if  any  one  of  the  caufes  of  error  is 
removed,  tho^e  which  remain  will  be  detefted. 

When  any  given  charge  is  loaded  with  a  heavy  bullet,  more 
of  the  powder  is  inflamed  in  any  very  fhort  (pace  of  time  than 
when  the  bullet  is  lighter,  and  the  adtion  of  the  powder  ought 
of  courfe  to  be  greater  on  that  account ;  but  then  a  heavy  bul-. 
let  takes  up  more  time  in  pa(fing  through  the  bore  than  a  light 
one,  and  confequently  more  of  the  elafHc  fluid,  generated  from 
the  powder,  efcapes  by  the  vent  and  by  windage.     It  may  hap- 
pen, that  the  augmentation  of  the,  force,  on  account  of  one  of 
thefe  circumftances,  may  exactly  counterbalance  the  diminution 
of  it  arifuig.  from  the  other ;  and  if  it  (hould  be  found  upon 
trial  that  this  is  the  cafe  in  general,  in  pieces  as  they  are  now 
conftrufted,  and  with  all  the  variety  of  fhot  that  are  made  ufc 
of  in  praftice,  it  would  be  of  great  ufe  to  know  the  fadl :  and 
poffibly  it  might  anfwer  as  well,  as  far  as,  it  relates  to  the  art  of 
gunnery,  as  if  we  were  perfeftly  acquainted  with,  and  were 
able  to  appreciate,  the  effeft  of  each  varying  circumftance  under 
which  an  experiment  can  be  made.     But  when,  concluding  too 
haftily  from   the  refult  of  a  partial  experiment,    we  fuppofe 

with  Mr.  ROBINS,  that  becaufe  the  fum  total  of  the  a£lion  or 

.1  • . 

preflure  of  the  elaftic  fluid  upon  the  bullet,  during  the  time  of 
its  paflage  through  the  bore,  happens  to  be  the  fame  when  bul- 
lets of  different  weights  are  made  ufe  of  (which  coUeftivc 
preflTure  is  in  all  cafes  proportional  to,  and  is  accurately  mea- 
liired  by,  the  velocity,  or  rather  motion,  communicated  to  the 
bullet)  that  thcrefi3re  the  preflure  m  any  given  part  is  rilways 
exa£lly  the  faoie,  when  the  quantity  of  powder  is  the  fame 
with  which  the  piece  is  fired ;  and  from  thence  endeavour  to 

provCn 
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prove,  that  the  niflammation  of  giin^powder  is  inftantaneous, 
or  that  the  whole  charge  is  in  all  cafes  inflamed,  and  "  con- 
**  verted  into  an  elaftlc  fluid  before  the  bullet  is  fenfibly  moved 
**  from  its  place ;"'  fuch  reafonings  and  coticlufions  may  lead  to 
very  dangerous  errors. 

It  is  undoubtedly  true,  that  if  the  principles  aflumed  by  Mr. 
ROBINS  with  refpeft  to  the  manner  in  which  gun-powder  takes 
fire,  and  the  relation  of  the  ehfticity  of  the  generated  fluid  to 
its  denfity,  or  the  intenfity  of  its  preflTure  upon  the  bullet  as  it 
expands  in  the  banel,  were  juft,  and  if  thelofs  of  force  by  the 
vent  and  windage  was  in  all  cafes' in  con  fide  rable,  or  if  it  was 
prevented,  the  deductions  from  the  theory  refpedting  the  velo* 
cities  of  bullets  of  different  weights  would  always  hold  good.. 
But  if,  on  the  contrary,  it  (hould  be  found  upon  making  the 
experiments  carefully,  and  in  fuch  a  manner  as  intirely  to  pre- 
vent inaccuracies  arilTng  from  adventitious  circumftances,  that 
the  velocities  obferve  a  law  difl^rent  from  that  vvhich  the  theory 
fuppofes,  we  may  fairly  conx:lude,  that  the  principles  upon* 
which  the  theory  is  founded' are  erroneous. 

Let  us  now  fee  how  far  thefe  experiments  differ  from  the 
theory.  Thofe  numbered  from  8>*4to  92  incluiive  were  made 
in  fuch  a  manner  that  no  part  of  the  force  of  the  powder  was 
loft  by  the  vent,  or  by  windage,  ashas  already  been  mentioned, 
and  all  poflible  attention  was  paid  to  every  circumftance  that 
could  contribute  to  render  them  perfeft  and  conclufive. 

A  partifcurar  account  of  rhem  with  the  means  ufedfor  form- 
ing the  bullets,  and  making  them  fit  for  the  bore,  ahd  the  con*' 
trlvance  for  preventing  the  efcape  of  the  ^laftic  fluid  by  the 
vent,  &c.  may  be  feen  in  the  general  table,  p.  245.  The  fol- 
lowing table  Ihews  the  refult  of  them^ 
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N.  B.  The  charge  of  powder  was  tl^e  fanxfi  in  each  cipcrl- 
mentj  and  confijfted  of  1 45  grains  in  weight* 

Weight  Velocity  of  the  bullet* 

of  tlie  <  -^ ^ 

bullet*  Aflual.  Computed.        tJifferchcc. 


85th  €Xp*      90grs#  *i09  2^99  - — * 

86th           251  1430  i2,6z  4-168 

87th           354  1288  io6j  +:«25 

88th           6od  1.249  817  +423 

€9th           603  1224  815  +409 

90th  3184'  Mot7  581  +436 

91ft  1754  .8.93  478  +415 

92(1         .A35*  ^^*  413  ^399 

The  computed  velocities^  ^€  they  are  fet  dowtt  in  this  tablc^ 
were  determined  from  the  aftual  velocity  of  the  bullet,  as  deter* 
mined  by  the  recoil  in  the  85th  experiment ;  and  the  reciproc^ 
ful>duplicate  ratio  of  its  weight  to  the  weight  of  the  bullet  in 
each  fubfequent  experiment ;  and  in  the  lafl  column  is  marked 
the  diflferentc  between  the  experiment  and  the  theory,  or  the 
tiumber  of  feet  in  a  fecQnd>  by  which  the  adual  velocity 
exceeds  the  computed* 

But  in  order  that  we  ittay  fee  this  matter  lA  difFerent  points 
of  view,  let  thp  order  of  the  icxperiments  be  qow  inverted,  and 
let  the  compute4  velocities  be  dejtermined  from  the  a£lual  velo« 
ijtym  the  9  2d  experiment}  and  afiuming  the  tpt^  or  collec* 
tive  preflur^  exerted  by  the  powder  upon  the  bullet  in  that  expe« 
riment  equal  to  unity^  let  the  colle£kive  pfeiTure  in  the  other 
experiments  be  Computed  from  the  ratio  of  the  adhial  to  the 
computed  velocities^  and  the  table  will  (land  thus : 

pad 
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Weight 

.  Velocity 

of  tbe  boUet 

a» 

of  the 

ColfdEHv^ 

• 

• 

boUet.    • 

.     812 

Covnputod*. 

DInctflnfik   • 

prei&ircki. 

^id&Cp. 

2352  rs- 

•  * 

i  ,oo06 

^rft 

1754 

.    ^93 

94a 

-   47 

Q,9oic^ 

pcsth 

<i84      , 

16.17 

1145 

■  ^   ia« 

0,7897- 

^9th 

603 

1224 ' 

1^604 

r^    38^6 

6,5821 

ttth 

m 

600 

1240 

166$ 

• 

~    36^ 

6,59491 

"  «7ek  *  ' 

'    354 

iiZt 

2093 

•-    805    ^ 

.  "^^377^ 

^th 

'  iSt 

<  > 

■  24^  - ' 

—  1056 

<^33I6: 

'*5th 

90' 

iibp 

4i5» 

—  2042 

6*2581' 

»  * 
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Iii.  ite  jfi^ewkig.  fijg;we  let  i^  teptrdfeat  tbe  ^TAs^i  .^irptete, 
istj  ^  tbd  Jcftgth  of  tbe  i^ate  fiHeiJi  wkb  powder;;  tM  at  til* 
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point  P  let  tlie  perpencticula^  PHbe  ereSecTj  upoh  wKwa^  let  Pt-* 
iid  PM  be  taken  from,  P" towards  I^  o£'f\lch  magnitiiaes'thaf 
while  PL  Expounds  the  limfotm  force  of  giravity,  or  the  wfelght 
9f  the  buUet,'  PM  Ihallbe  «  the  'force  exerted  V  J^e  powdet 
Vol.  LXXI,  T  t  upon 


Upon  the  bullet  at  the  moment  of  the  exploiioa.  If  now  we 
^uppofe,  that  while  the  bullet  moves  on  from  P  towards  B,  the 
line  PM  or  pm^  goes  along  with  it,  and  that  the  point  m  Is 
always,  taken  in  luch  a  manner  that  the  line  pf^^  ihall  he  Uy 
fl^  or  PL,  .as  the  force  ading  upon  the  bullet  in  the^poiotj^, 
IS  to  i^s  weijg^ht,  till  pm^  coincides  with  Q^,  ^|)efi  ni^  ^e 

area  PMQ6  be  to  the  ^ea  PLDB  in  the  duplicate  ,proportioa  of 

f    .1    ^j   ^^^^  .^..  .i^j-  It** 

the  velocities  which  the  bujlet  would  acquire  when  aded  on  by 
its  own  gravity  through  the  fpac^  PB,  and  when  impelled 
thrbtigh  the  fame  ipace  hy  the  force. of  the  powder,  as  may^ 
be  feen  dempnftrated  by  Sir  is aac  ^^KMrTaic,  in  his  Mathena- 
tical  Principles  of  Natural  Philofbphy,  book  I.  prop.  39. 
'  Now  What  I  call  the  collet  ve  prefib^re,  <^rium  total  of  the 
iiftioti  «f  the' piowder .  upon  the  bulliot,  is  the  meaiiireof  tlw 
area  PMQB ;  and  it  is  plain,  from  what  has  been  faid  above^ 
that  its  meafures  a^e  in  all  cafes  to  be  accurately  delermined> 
when  the  weight  and  velocity  of  the  bullet  are  kno^viu 

Ifv^all  the  powder  of  the  charge  was  inflamed  atdate^  or  be- 
lore  the  bullet  lenfibly  moved  from  its  place  ;  and  if  ^  prei^ 
fure  of  the  geiterated  fluid  was  always  as.its  denfity^  or  inVv&Iy 
as  the  fpace  it  occupies^  then  would  the  line  NK^^  an  ijy berbe^ 
tfie  area  PS4K^  would  always  be  tiie  fame  when  the  cfaaigot 
was  thi&  fune^  and  confequently  the  Velocities  ol  the  buIlets^ 
wimld  be  aa..  the..42|iaare  roots  of  their  weights  invarwy.  But 
\t  tpfon^  from  the  befoie  mentioned  experiments,  til^at  when 
0mmmf^^  4hc  bullet  was  kicreaied  four  times,  tfie  aATon 
|#:thft:  powder^  or  area  PM<^^.W4S  i^eairly  doubled;  for  in 
$he  ^ad  experiment,,  when  foyr  bullets  were  difcharged  at 
oncey  the  cofte^Qye  preflure  was  as.  j  ;  but  in  the  89th  experi- 
SOiCBti  whciy  a  fingle  bulbl  was  mad«  ufe  oi^  the  .  coUe^ive 
^  -     »  •  :        preftve 


preffiire  was  onljr  as  0,5995  {  and  in  the  85th,  %6t\\^  and 
S/th  experiments^  when  the  IraUirts  were  much  lighter,  the 
action  of  the  charge  was  ftill  lefs.  . 

But  though  we  can  determine  with  great  certainty,  from 
thefe  experiments,  the  ratio  in  whiqh  the  a£tioa  of  the  powder 
upon  the  bullet  was  increafed  or  diminiffiedy  by,  making  uie  of 
bullets  of  greater  or  lefs  weight ;  yet  we  cannot  from  thence 
afcertain  the  relation  of  the  elailiqity  of  the  generated  fluid  to 
its  denfity,  nor  the  quantity  of  powder  that  is  inflamed  at  difr 
ferent  periods  before  and  after  the  bullet  begins 'to  move  in  the 
bore. 

But  afluming  Mr  robins^s  principles  as  far  as  relates  to  the 
dafBcity  of  the  fluid,  and  fuppoflng  that  in  all  the  eifpemnentsv 
except  the  ptd,  a  part  only  of  the  charge  took  fire,  and  that 
that  part  was  inflamed  and  converted  itito  an  ^laftic  fluid  before 
the  bullet  began  to  move :  upon  that  fuppoGtion  we  ^q  deter^ 
mine  the  quantity  of  powder  that  took  fire  in  each  experiment.; 
for  the  quantity  of  powder  in  thiat  cafe  would  be  as  the  coUec« 
ovepreflure.  ^>      .f' 

Thus,  if  the  whole  charge,  s  1 45  grains  iajweigjbt,  ift  fup^ 
pofed  to  htave  been  inflamed  in  the  pad  experiment,  the  quaoc 
tity  inflamed  in  each  of  the  other  expe^nait&  wilt  jsppeiar  t« 
have  been  ad  follows  ;  w»# 


4  <-         «   < 
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^tt  ^^^  fpifeMMOH^  Ex^ensmntr 


'             height  of      ' 

Velocity  of 

^tbs  'bullet.^  * 

.Jjijeffure. 
0,2581 

»»33i'o 

•  0,3778 

•0,5949 
0,^825 

o,7flg7 
0^9020 

85th  exp,,         pogrs* 

*           *■»•')'         • 
86111              251 

t  ,   ,       r                                it 

.^7*^   ;.  ...354.  ,; 
'89th      ■  603 

9i'ft,      "    1.754  ■ 

.  .,1430 

'     Ii224 

■  '-ioi; 

■    37g«- 
-^48 

• 

■"4 

• 

-^31 

But  there  are  many  reafons  to  fuppofe,  that  the  diminutioo* 
©f  tlw  a/9;ioft)^f:'»h€  'j^oW-efr  'iftpoa  the  ^)^lJet,  wheu  it  is  ^g^h  is- 
vot  .fo^iKMidj:  enring  to  tJae .  finallafs  ^f  the  Kjuaiititjr  a£/powder 
daa£  takes At^ ia  .that  caie,a^  to xhcvis  iwrtie  of  tUcgppmt^ 
fluid-  U  han^f  i^s*  ai  gmai»r  fpfl^^  of  «he  p^^getakes^ 
,  fire  ¥V^Q.^  JMnIlet  i&^heay^  fhAnAvh^Qritiis  jyight^  41s  I£;mQd 
9Vthrviei7]CX|ie;vimfint$  jofMiMh^  l]^i|ittb€;& 

ri^e^ipiantity  of  \m^if^  powdpr  'iiti'  ai)^'  caie  -wia^ 'iwph  too  fniH^ 
to  account  for  the  apparent  diminutioa  of  the  force  «when  ligjit 
boUfcte  vrope  iwade  uie  of- ;. ..  - 

'  if  rtbc  -  elaftic  -fluids  iiootiiei  ^io5'  of  whkh  sfee  '  ftyqe  pf 
]M\i8der<a)dfi0;s9  mere:mfi»ike^  i^n^,' jec  if  ij|B^  ^iWetg^  I|fDr£  aa 
proportion  to  that  of  the  powder  that^g^n^ jr«tetf  it  i.>sn»djt(  (W 
grofs  matter,  or  caput  mortuumj  of  the  powder  remained  in  the 
bottom  of  the  bore  after  the  explofion^  then,  and  upoa  no 
other  fuppofition,  would  the  preflure  upon  the  bullet  be  in- 
verfely  as  the  fpace  occupied  bjr the  fluid  :  but  it  is  evident  that 
this  can  never  be  the  cafe. 

A  curious  fubje£):  for  {peculation  here  occurs :  how  far  would 

it  be  advantageous,  were  it  poffible,  to  diminifh  the  fpecific 

pfBMtfK^  gun-powder,  and  the  fluid  generated  from  it,  with- 

.  ?  out 


0Ut  hffcxm%  it?  elaftic  force  ?  It  would  certainly  ji£l  upon  very 
V'^t  hiilkts  with  greater  force ;  but  when,  heavy  ones  came  te 
|pe  9^^de4ii^of,  there  i$  rea£bn-to  think,  that,  except  extraor- 
dinary  pieiKifition  wa3  |:^en  to  prevent  it,  the  greateft  part  o^ 
<he  force, would  be  Ipfl:  by  the  vent  and  by  windage. 
f  T^,  ydpcaty  with  which  elaftic  fluids  ruih  into  a  void  fpace  1^ 
^  t^e,-,qUfticity  of. tij/e, fluid  du:eQly,.jand  inverfely  as  its  den- 
$ty  f.  if,;  therefore,  the  d^ilSty  of  the  fluid  generated  ftooi 
powdar.w^as  iaur  tijpesJlefe  t^jin  lit  v^  its  elafticity  remaining 
^le^f^raev  it.wouliijdV  out.at  the  wut,  and:  efcape  by  the  fide 
of  1^  J>qUet  in  Jth^.  bore,  with ^rvJariy  four  times  as  great  a 
fdocky  f^  it  does  at^^rcient ;  .httt,,we  knqw  fjoni  experiment 
^tvthe  )x£&  of  force  on.  thofe  i^counts  is  now  very  conii- 
^era|^)&; 

{a.-l^e^rifnentsc  N°  7^.  .2»i  ,7  7,  when  the  piece  was-fred 
wifh  i45^rains  of  powder,  the ,  velocity  of  the  bullets  at  ^ 
laed^um^as  10*40  ieet  in  afecqndi  .but  in  the  88th  and  89th 
^iq>ei:iments»  when  the  bullets  were  even  heavier,  and  tha 
piece  was  fired  with  the  fame  "^iiantity  of  powder,  the  mean 
velocrtj  was  iz^z  ;feet  in  a  .^pcond.  The  difference  =  192 
feet  in  a  fecpnd,  aniw:ers.to  a  difference  of  force  greater  in  the 
Isiil ^perunentd  thanrin.the  firft  in  the^ proportion  of  1 4  to  lo. 

I  know  of  no  vr?Pf  to-  account  for.  tiiisvdiflference,  but  by  fup- 
pofing.  fhat  it  was  owing  hvUrpiy  .to  ^he  elcjipe  of  ;the  elaftie 
^uid^4^  vent,  and  by  wiad^g^  in  .thctfe.  experiroeuts  where 
the  vent  ;wa$  open^  zod  jthe.buUets  were  jput  naked  into. the 
piece. 

An  ,^ftie:'bow.,  .made  of -very,  l^ht  .wood,  will  throw!  w 

* 

ftrro^r* '  :\q4  'dTpecialljr  a.:light  one^  .vath  greater  velocity  than  a 
^w  of  fifiiel  of  the  famp  jdegree  of  flt^^fs :  but^  for  pra<5lice«, 
I  .rfiipk.  ,it .  is  plaiq,.  Jiiat  fj^xi^^VfMt  w»^  be  /i^polfd  .to  be  fo 

light 
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light  as  to  be  rendered  intirelyoiielefs  t  and  for  (bme  pnrpoies  it 
feems  probable^  that  it  WQuld  not  be  the  worie  for  being  even 
heavier  than  it  is  now  made.  Vents  are  abfbluteljr  neceffitry  in 
fite«iarras,  and  in  large  pieces  the  windage  mnft  be  confiderable, 
in  order  that  the  bullets,  which  are  not  always  (b  round  as  the/ 
ihould  be,  may  not  (lick  in  the  bore ;  and  thole  who  have  been 
prelent  at  the  firing  of  heavy  artillery  and  large  mortars  with 
(hot  and  (hells,  muft  have  obferved,  that  there  is  a  (enfible^ace 
of  time  elapfes  between  the  lighting  of  the  prime  and  the  ex- 
plolion ;  and  that,  during  that  interval,  the  flame  is  continually 
ilTuing  out  at  the  vent  with  a  hifling  noife,  atul  with  a  prodi* 
gious  velocity,  as  appears  by  the  height  to  which  the  ftream  of 
fire  mounts  up  in  the  air.  It  is  plain,  that  this  lofs  muft  be 
greater  in  proportion  as  the  (hot  that  is  dUcharged  b 'heavier; 
and  I  have-  often  fancied,  that  I  perceived  a  lenitble  difference  in 
the  time  that  elapfed  between  the  firing  of  the  piime  and  the 
exploiidn.  When  bullets  wer6  difcharged,  and  when  the  piece 
has  been  fired  wn:h  powder  only ;  the  time  being  apparentbf 
longer  in  the  former  cafe  than  the  latter. 

Almoft  all  the  writers  upon  gun-powder,  and  particularly 
thof^  of  the  lafl  century,  gave  different  recipes  for  powder  that 
is  defignt^d  for  differdtlt  ufes.  Thus  the  French  authors  men* 
tlon  poudre  h  mMj^k^  poUire  ofdhtaite  de  guerre^-  foudn  ie 
thi^e^  znd  poudrt  d^ artifice ;  all  of  which  are  compofed  of  fait 
pistre,  fulphur,  ahd  charcoal,  taken  in  different  proportions. 
fs  it  nor  probable,  that  this  variety  in  the  compofition  of  pow« 
der  was  originally  introduced  in  confluence  of  obfervation 
that  one  kind  of  powder  was  better  adapted  for  particular 
purpofes  thati  another,  or  from  experiments  made  on  purpofe 
to  afcertain  the  fkd  ?  There  is  one  circumftance  that  would 
lead  us  to  fuppofe  that  that  vnt  the  cafi^.^That  kind  of  pow- 
der 


dcr  which  was  defigned  for  great  guns  and  mortars  was  weaker 
than  thole  which  were  intended  to  be  ufed  in  fmaller  pieces : 
for  if  there  is  any  foundation  for  thefe  conjedfcures,  it  is  cetf 
tain  9  that  the  weakeft  powder,  or  the  heavieft  in  proportion  to 
its  elaftic  force,  ought  to  be  ufed  to  impel  the.heavieft  bullets^ 
and  particularly  in  guns  that  are  imperfediy  formed,  where  the 
vent  is  large,  aiid  the  windage  very  great. 

I  ^n  perfedly  aware,  that  an  objection  may  he^e  be  made, 
viz.  that  the  elaflic  fluid,  which  is  generated  from  gun-powder, 
muft  be,  fuppofed  to  have  the  fame  properties  very  tiearly, 
whatever  may  be  the  proportion  of  the  ieveral  ingredients,  and 
that  therejfore  the  oiily  difiereoce  there  can  be  in  powder  is^ 
that  one  kind  may  generate  more  of  this  fluid,  and  another  lefs  ^ 
and  that  when  it  is-generated,  it  ads  lu  the  foroe  manner,  antf 
will  alike  efcape,  and  with  the  fiune  velocity,  by  any  pafli^  it 
can  find.  But  to  this  I  anfwer,  though  th^  fluid  may  be  the 
fame,  as  undoubtedly  it  is,  and  though  its  denfity  and  elaj^-^ 
cky  may  be  the  fame  in  all  caies  at  the  iixftant  of  it^  generatiox)^ 
yet  iii  the  exploiion^  the  elaftk  and  un*eU|ftic  parts  sune  fo  moed 
and  blended,  that  I  imagine  the  fluid  cannot  expand  without 
taking  the  grofs  matter  along  with  it,  and  the  velocity  with 
which  the  flame  ifliies  out  at  the  vent  Is  to  be  computed  fipnk 
the  elafticity  of  thefluidf  and  the  denii^  or  weight  of  the  ^ui<l 
and  the  grofs  matter  taken  together,  and  not  fimply  firoiQi 
the  elafticity  and  denfity  of  the  fluid.  K  antimony  in  an  imr 
palpable  powder,  or  any  other  heavy  bj9dy»  was  idciniji^eiy 
mif  ed  with  water  in  a  veflel  of  any  kind,  and  kept  in  (^Iptjjfi^ 
hy  flaking  or  ifi^ring  them  about ;  and  if  a  hole  wa»  opened 

in  the  fide  or  bottom  6f  the  veflel,  the  water  Would  nor  mn 

''        \  fc  '  *  •        '     *  •    •  '  '  •    ■ 

out  without  taking  khe  particles  of  the  folid  body  along"  with 

it.    Axikd  itt  the  fame  manner  I  toncdve-  the  folid  parbcles.  that 

remain 


31 6  Mr. 'tffollrtStfS^s  15^^)^ 

remain  after  the  explofion  of  gun^powder  arc  carHerf*  fiifW^ 
with  the  generated  elaftic  *  ffuid,  and  beitig  carried  forward 
rct^r3  its  motion. —  !6ut  to  retirrn  froni  this  digreffiom 
"  As  It  appears  from  fhele  experiments,  that  the  relation  of  the 
velocities  of  hullets  to  thei^  Wights  is* different  frinn  that  w¥hidk 
Mn  ROBiNS^s  theory  fuppbfes,  it  remains  to  inquire  what  tht 
law  is  which  aftually  obtains.  And,  frrff,  as  thfi  vdocitie§ 
bear  a  greater  proportion  to  eachr  other  than  the  reciprocal  flib- 
duplicate  ratio  of  the  weights'  of  the  ballets,  let  us  fee  hb^ 
hear  they  com^'to  the  tectprdtdl  itAr-triplicatc  raiio^of  Adr 
weierTits*  .     ..    ' 
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HjBre  the  y^kifities  Qomjpistttl  upon  the^  la(l  iTuppofltion  appear 
^Hfgftf^  muck  better  with*  the  experiments  than  thofe  com- 
p4dted  li^n  Mn  hobins*s  princ'^les ;  but  flUl  there  is  a  confi^ 
iderabk  d»&r€Uf;e  between  tE^  ^Sbial  aod  th^  computed  velocl- 
pm  in  (he.  thr^  laft  experinients  in  the  tablp* 
,  As  the  p^wda:.  itTelf  is  heavyv  it  mzy  be  conlidered  as  a 
wdighi:  tbiit  is.Otft  m  motioisu^^^ng  with  the  bulled  i.;aa3  if  we 

luppoie 


I 


^pppfe  tbe  detiiitjr  :of  tjbe  geaeratsdi.  ^uid  is  9kff^y%  xmiform 
frocxx;  th^  buHet  :to.  the  bl-ecch,  the  .velocity  of  th?.  center  of 
grwit^Tjof jthe  powder or'(whiqharo^  to  Jthc  4aine/thiag)  'Of 
the  elaftic  fluid,  and  the  grofs  matter;  generated  Arom  it.wilL 
be juft h94C^as:g«^t  AS thcvblocity (^  the huUeb  ^ If, therefore 
we  pjit-  P,to  denpte  theL^eigJit  of  .the  powder,  R  the  !weigKt 
oi.Xh^  fkvSSfiiK  and  ui^x  initial  .vriodty ;  theii  Bv +  *??;:=: 
^4- i'P Kvii. will  express  the  mtmentum ■  of  the  charge;* at  the'. 
iaftani:  when  the  biiUetiquks. the  bore;. 

If  nD^i:>tnibad6f,afcertainiugthe.rehtion  of  Ithe. velocities 
tao  the  Twights  of  fhe,buHets,;we  add  half  the.'wpigbt.of  the 
povidcr  to  the  weight. of  thfe  bullet,  and  compute i the  Tde*"/ 
cities  froni^.the  reciprocal. £ub-triplicate  rjitio»of. the. quantity 

6TI?  in  each  experiment,  the  table  will  ftand  thus ;  ^^ 
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90th 
89th 
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Weight  df  the 
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the  powder. 
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Velocity  of  the  bullet. 
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h  h*H  very  retftSullUibld,  and  t>artlea)itrly  in  lh«  i»%  Hdl  espc^- 

i^meftiiy  whi<^  &«B  d«ms(i^^  tfcoft  -\)p«tf^  Dvhie(i  dii  gttMid^ 

4«^iide(ioe'tnay  be  p)ac«(}, 

'  And  ketice  ««  atie  eitalliled'  t»'(tecMiftil&6  tlie  Mbiiit^^  tha 

iiiii,.aiid  ifi^Q-  t6}^  for/fiftee  B'^whieh  e9^«e^»th*  w«^r 

of  th«  btllet)  U  49  th^  Isfigl^ ta^tti  ftota  A  tdwikrii  t'ia  tlM 
figtlre  in  t|ie  ftveial  rapentneat*;  aiid  «&^  t^  ^ocities  itt  afr> 
the  lines  drawn  perpendictiiar  to  'tjbt  tkas  JUBTfirttB'  f^  lAatas^- 
irhcrB  thofie  lengths  ieimitiatB^  as  w,.«,.fask.eiuUo|^  at  die 
flurve  m^,9  r- 1^  "Wp.  ftit  0=iP»  «ii:Br  iml  jrtd ««.-;- tiieo^ 
wiil  tin. :  rdJUsyi»>  o£  je  jtod'j^  bis  defiUfldi  b]pc  dfts>  fequidoKi 

-i~»7. '  Atidifiii  IJettwrfo  dbilfttif  «he  lifts'tti^  and  v 

the  recoil  when  tfae^ven  ohar«  is-&ed  without  anj bullet,  it' 
willbe  --=:^^  .f*^  ig  «  iythe  qary.^.  x  tiein^^^eabfcifi^,  and7 

a  thetDft%i^ndHg;.6Aatei»tAc6orvc.-'  ' 

In  the  92d  expeninmt  lutf  the  weight  or  th&{K)wder  (=~^^' 
was  7:^  gi^ains ;  the  we^t.  of  die  bitUiL\tBk'i^]^2:  grains 
(-j^^TTThe  recoil^-ii «) was 31,25  mches;  ah^'Tii^.  tht-given' 
ehaifre  withp^t  ail^k; Wlet  tlfe  ftcoil  ( zrify  w« .^^4 'inches r  VP 
now)  from- thcfe  dkUs,  and  the4EtIown  we^-)c#'thfc  bollef'ift' 
«ach|^  tikteo^ec^qpriinentfiHiu:«his  &t»  tliit  tm^aifka  eompOU^ 

ly  rfteairi;of  tfeelheWem      ^^H-^^-g,,  ^ii  ils^4ee  hcxw  Hte- 
Klult  cff  'thQ&  exft^inents  agrees  with  thj[s  ihysi^  fc  tkus^ 
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Here  the  ^eement  of  die  ^bftud- Mid  computed  Tce^h  is  as 
^emarkable^as  thatof  the aAua!  atid ^coiqputed  velocities  in  the 
^regeing  table. 

By  the  figure  .17.  m^  be  <feen  at  one  view -the  refuit  of  all' 
thefe  experiments  and  computations.  The  numbers  upon  the 
4ine  AB  (as  ki  the^.  itf.)  r^pte^m  the  weights  of  the  bullets, 
*^wkile  the  lines  drawn  fron^  tibofe  numbers, perpctidicubr* to  A9 
on  each  fide,  aad'  ending  at  the  curves  in^  n^  ar&as  thevebcities 
of  the  J>uliets  in  <the  feveral  experiments;  the  Ibe  AB  being  the 
axis  dt  the  cufves,  the  lengths  taken  fmm  A  to  the  diiferent 
^numbers  towards  3  ([ts  x)  the  abfciiia,  and  the  perpendiculars 
i{j:^y)  the  correfponding  orcfinates.  The  or^nates  to  the 
(idle  curve  bn^  are  as  the  velocities  computed  from  the  theorem 

'  ^J-=  gjV  and  tbeordinates  to  the  cufve  jL  » /which  is  the 

logarithiQic  curve,  as  it  is  7^=^)  (hew  the  velocities  ^computed 

i}poa  JMbr.  JioBiHs's  principles^    The  curve  %f  4s  dcawn  from 

H  Vi  z  the 


the  thjeorem  — :^==r  +  ^  =  » ^  and  the  aflual  recoil  is  marked 

upon  the  ordinates  to  this  curve  hy  large  round  dpts,  which  id 
all  the  experiments,  except  the  R6th  and  87th,  very  nearly 
coincide  with  the  curve. 

In  the  fig  18.  the  numbers  upon  the  line  AR,  taken  fiotxr  A, 
denote  the  different  charges  of  powder  uled  in  the  courfe  of 
the  experiments,  vvhile  the  ordinates  to  the  curve  cJ^  expre& 
the  velocities  of  the  bullets,  with  the  vent  at  0.  T^'he^  lines, 
drawn  perpendicular  from  the  line  AB  to  the  line  ef^  repre- 
feht  the  recoil  wiih  the  feveral  charges  of  powder,  and  a  leaden 
bullet ;  and  the  portion  of  thofe  lines  that  is  comprehended 
between  the  line  AB  and  the  line  gb^  denotes  die  recoil  tvhei> 
the  given  charge  was  fired. without  any  bullet. 

Having  now  fhewn  by  experiment  the. relation  of  thie  veloci- 
ties of  bullets  to  their  weights,  when  care  is  taken  to  prevent, 
intirely  the  lofs  of  force  by, the  eicape  .of  the  ela{{ic  fluid 
through  the  vent  and  by  the  windage,  I  IhalL leave  it;  to  ma-. 
thematiciaiiSv  to ,  determine  from  th^fe  .data  the  properties  of 
tjiat  fluid-r      r ,,  .    i  .     .     .  .  .  ,  '  ... 

But,  h^ibie  I  take  my  leave  of  this  ful;!^*ed,r  I  would  j^ft  ob- 
fcxye,  thft  Mc^ROBi^s  i&  not  only  inilffaken  ia  tjtie  prjiiqiple  he^ 
aflumesj  refpeding  the^  rclatipn  ef  the  el^iclty  .jpf  |^e..9uid. 
generated  from  gun-powder  to  its  denfity,  orrathei:  ;|)e.law  of 
its  a£lion  upon  the  bullet  as  it  expands  in  the  oore ;  *  \>\it  his^ 
determination  pf  the  foxce  of  •  gun-poMfder  is.  alfb  erroneous^ . 
even  upon  his  own  principles :  for  he  determines  its  force  to.be 
1660  ittties  ''greater  thaa  the  *  mean  pnifiure  6f  tfie^  atma* 
^here ;  whereas  it  appears,  .frpm  the  refplt  of  the  g%d  experi- 
ment, that  its  forcfe  is  at  Ifeaft-'ijioS'  tunes 'greater  than  the 


.1       .*. 


ineatt '  pmflbre  of  the  atmofpheret  u  wHl  be  :evidcftt  to  tj^de 
who  Will  take  the  trouUe  to  make  tke  computation. 


1 1 


Of  an  attempt  to  detirmne  the  expk/he  force  of  aurum  fulixu- 
nanSy.  or  acomparifon  ictween  its  force  and:  that  of  gtm^powdcr. 

ft 

Having' provided  mjrielf  with  a  fmall  quantity- of  this  won* 
derfiil  powder^  upon  the  goodnefs  of^  which  I  could  depend^  I . 
endeavoured  to  afcertain  its  explofive  force  by  makiQg  ufe  of  it 
inftead  of  gun-powder. for  difcharginga  bullet^  and  meafuring, 
by  mean^  of  the  pendulum,  the  yelcicity  which  the  bullet  ac- 
quired ;  and  concluding,  ixom  the  tremendous  report  with  which 
this  fubftance  explodes,  that  its  elaftic  fbcce  was  vaflly  greater 
t)ia^  that  of  gun*powder,  I  took  care  to  have  a  barrel  provided 
of  uncommpn  ftrength,  on  purpofe  for  the  experiment.    Its^ 
length  m  the  bore  is  13^2  jg  inches,  tho  diameter  of  the  bore  ia 
o»55  oi  an  inch,  and  i^  weight  7  lbs.  2  02.    It  is  of  the  beft 
ifon,.  apd  ^s  made  by /woqdoh  ;  and  the  accuracy  with  which  , 
i(  fSr  finiifl]ied  doqs  credit  to  the  wprJkjman. .     . 
.  This'))arrel  t>eing  charged-  with  one  fixteenth  of.  an  ounce . 
(/tt  ^7»34  l^rains);  of  aurum  fulminans  .and  two  leaden  bullets^ . 
wlAcjxj  :(pge}^er '  with  tl%  leather  that,  was  put  about  them  to 
ngtdie  thejnfi  $t  the  bore,  without  windage,  weighed  427,  grains  ;  ^ 
it  was  laid  upo^i  a  chaffing^iih  of  live  *coals,  at  the  diflance,  of ' 

»  *     '  *  *     - 

about  I  o  &et  from  the  pendulum,  and  ag^mft  the.center  of  the- . 
target  of  the  pendulum  the  piece  was  dired^ed. « 

Haying  fecured  the  barrel  in  fuch  a  manper  th^t  its  direction  . 
fhould  not  alter,  I  retired  to  a  little  diftanice,  in.ordei*  to  be  out;^ 
of  daq^r  jn,  «cafe  of  an^  accident,  where  }  waited  in^  anxiouS;^ 
e^^pfsftatioi^  the  event*  of  the  fX{>loiib^. 


3ts  ^r.  Tvonvim^s  R:^p9rkfents 

X  had  rMMioed  in  this  fituattoa  fbme  nunutea,  ani  alnoft* 
defpaired  of  the  eispsnineiit^  iiiccdedBiig,  wfaea  the  povv^iir 
acploded,  but  with  a  report  iafinitely  lefs  than  what  I  expeded, 
thp  ^^Qife  not  greatly  exceedinj^  the  resport  of  a  welUcharged 
wmd  gun ;  and  it  was  net  ttll  I  faw  the  pendukim  in  motioit' 
that  I  could  be  .penuaded  that  the  bullets  had  been  difHiarged. 
I  found,  however,  itpoti  examination,  that  nothing  was  left  in 
thebarrel,  and^^m  l3ie  greait  number  4>#  fimdl  pftiSfafoB  of 
revived  metal  that  were  diiper^  abeMt,  I  had  realbft  to  think 
that  alt the^.powder  ha^-exploded* 

The  bullets  ftmck  the  pen Aftkim  aead^  ki  1^  ee^ter  of  ^e 
'target,  and  both  of  themrem^ed  ih^iewaod^  and  {  ibwid^ 
Upon  m&ing  thocalcutation,  that  thc^  hid  impinged  sgt^iAk 
with  a  velocity  of  418  feet  in  a  fecond  - 

If  we  now  fuppofethat  the  force  of  auntmfu6nman§  ai%» 

'from  the  adion  of  an  elaftic  fluid  that  is  nenerated  fi^om  irin 

the  moment  of  its  expbfion,  and  &ae  the  ^ai^icil^of  tliid 

fluids  or  rather  the  iforce  it  exertft  i^n  the  bullet  M  it^goes^on 

to  expand.  Is  always  as  Its  ^mfiey,  orinvei^y  as  the  ^oe  k 

occupies  4  then,  from  the  known  dimeidions  of  the  4ai!f«l^  Ao 

length  cff  the  fpace  occu|ned  by  the^ihwge^whaoti  m  tM»€K« 

|)eriment  was  1^,47  of  an  inch),  and  the  weightSand  f  elao^y  ^ 

the  bullets,  the  elaitic  ferce  of  ihb  fluid  at  the  infiant  <^  its 

^eneratio|i  may  bedetennined :  and  I  find,  upon  mdckg  the 

calquU^ion  upon  thefe  principles,  that  its  ^ce  turns  mtt  307 

times  greater  than  the  mean  Qlaflic  *fbrce  of  common  vat. 

A^9X)rding'to  Mr.  hobiks^  theory,  the  elafKc  Ibree  of  tiio 
^fiuid  generated  from  ^gun-powder  hi  its  hiflammatioii  is  r,oo9 
ntay^  greater  than  the  xnean  preflnre  of  the  atmefphem? 
'^e  force  of  aurum  jliAnindns^  tiierefbre,  appears  to^  be  t»  that 
M  guo-powder  as  ^7  is  to  1 ,000^  or  as  4  ia  to  xj  ^vety  nearljrw 

:?  or 


Cf  tbe/peeijc  ff^avtty  tf  gitn-powder, 

»  •        ^  * 

To  determine  the  ^ectfic  graidty  &f  gun-powder  I  made  ufe 
of  the  foUowilig  meihc^ii^  A  htg^  glafsbiitkdt,  with  a  aanrow 
mouthy  being  ^i|)endbd'  to»  one  of  the  arm&  of  a  v«iy  nice 
balance^  ancK  eiadiy  dtaiifiei^^pDiled  by  weigiUfi  pot  in  At  op-^ 
^flter  ii|ak,  k  was^  fiUed  f&ft  with  xotvemriieof  pDwder  poured 
ki  lightly^  then  with  ik&§Bmtfoi9^  tegethelv 

2ft6iwtffd&  wkh^  jNrMftfir  tind'  wxteif  tsogether^  and^  laflJ^  witfai 
water kkui»^  luld^iii  «fe6h'«tfc  tius  codtttntt  of  thb  bufeket  wiard 
mjrtaaflHy  iwdgtitd]^    ... 

^tf  i|iebtfic  gravity  of  gim^pdtwfcB^'at  dlM^^ 

Sjecifrg^vity  of,  rjain  water'       ,.r,     ,     -  fiOba 

^aveirnfueat;  p^wder^^  as^ it  liesrliglit  in  a  htzpfy  mizedl^      2^^ 

66yexn^ent;  powder  woU  maken  tp^P^er  ..        -  ©tPl/ 

♦  •  •  • 

'j  "  '♦  '  «  I 
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MISCELLANEOUS    EXPERIMENTS. 

•  •»•  -•  ••»••  »       >  - 

.  ,j     .      -  .     ••  .^    ,      ...  ^     .       .   .  ,.•,..  •■        •    '^     .♦p 

;It  has  :been  fuf^fed  tty  nupf*  that'  the  force  of  0ea«n'is' 
even  greater  tb^n  that  nf  gu^-rpDWder[;;filhd  that  if.  ^iqiiaivtity 
pf  water;  confinedln  the  chamber  of  d:giiiiy/ could  at.orioelbe: 
raiified  iiiba  fleatn,  k  would  xtnpeL  a  huUBt.'with  prodigious; ve-* 
kctt|r.  \  Severaiattempts  faasreiieeii  made  4)0  flidot  buUet^  .in  tfaisir 
manner;  but  I  know  of  none  that  have fooceedod ;-  atJeaf^  io: 
&ras  tb.nader  iLpsx)bafaIe.that  water  >can:  ever  be  lufal^ucextiii 
the  room  of  gun*powder  for  military  |)urpbie$92  as:ibiiie.have 
imagined. 

'  ¥hb  gr^at  difficulty,  that  attends  ttiakiilg'  thefe  ex^iitfaits^ 
lies  Su  Ending  but  a  methoid  by  which  the  Water  can^tt^c6l)e 
rarified,  dnd  converted  ipto'^elaftic  fteam;  and  it  occUil^Vo 
0169  that  pofliBly  that  ftiigHt  be  effeftid  by  means  of  gtitf*poWw 
der,  by  confinmg  a  fmall  quantity  (^  water  in  ibme  vety  thin 
fi}bQ:4nce»-  ai^::^riouft^]^  1^  inclofkig  it  with  ppw4ers[  .fti^d 
afterwards  fq^t^og]  fire  Co  the  ;di^rgp.    .The  method  I  teok  M>  dai 
this  was  as  6)ll^ws. :  ^i^ying ipropureda;  munber of, sur falad* . 
dfrs  of  very  jipall  $(hc9,  .1 .  put  di&reQk|t:  quandties;  of  wtf er  • 
iii^^,thetn\ffpei:the  fizx)  of  aimali  pea  to  that  of  a  Aas^.fiflol 
bullet,  and  tying. tliem  upxlofe  with  fbme  very. ^e^thread,  I 
hung  up  thefe  little  globules  in  the  open  air  till  tliey  were  quke 
dry  on  the^  outfide.    I  then  provided  a  number  of  cartridges 
'floade  of  fine  papery  and  filled  them  with  a  k&own  quanti^  of 
powder,  equal  to  the  cufbmary  charge  for  a  common  horfe« 

maik^s^ifiol ;  and  haiong  loaded  fuch  a  piflol  with  oneof  them 

•      :  '  and 
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and  a  fit  bullet,  I  laid  it  down  upon  the  ground,  and  direfting 
it  againft  an  oaken  plank  that  was  placed  about  fix  feet  fram  the 
muzzle,  I  fired  it  ofF  by  a  train,  and  carefully  ofbferved  the 
recoil,  and  alfo  the  penetration  of  the  bullet.  I  then  took 
feveral  of  the  filled  cartridges  that  remained,  and  pouring  out 
part  of  the  powder,  I  put  one  or  more  of  the  little  bladders 
filled  with  water  in  the  center  of  the  cartridge,  and  afterwards 
pouring  back  the  remaining  part  of  the  charge,  confined  th© 
water  in  the  midft  of  the  powder. 

With  thefe  cartridges  and  a  fit  bullet^  the  piftol  was  fuccef^ 
lively  loaded,  and  being  placed  upon  the  ground  as  before,  and 
fired  by  a  train>  the  recoil,  and  the  penetration  of  the  builds 
were  obferved ;  and  I  conftantly  founds  that  the  fi>rcc  of  the 
charge  was  very  fenfibly  diminifhed  by  the  addition  of  the 
globule  of  water,  and  the  lai^;er  the  quantity  of  water  was  that 
was  thus  confined)  the  lefs  was  the  efFeft  of  the  charge ;  nei* 
thcr  the  recoil  of  the  piftol^  nor  the  penetration  of  the  bullet^ 
being  near  equal  to  what  they  were  when  the  given  xjuantity 
of  powder  was  fired  without  the  water ;  and  the  report  of  the 
explofion  appeared  to  be  leflened  In  a  ftill  greater  proportion 
than  the  recoil  or  penetration. 

Concluding  that  this  diminution  of  the  force  of  the  charge 
arofe^from  the  burfting  of  the  little  bladder^  and  the  difperfion 
of  the  water  among  the  powder  before  it  was  all  inflamed,  by 
which  a  great  part  of  it  was  prevented  froni  taking  fire,  I  re- 
peated the  experiments  with  highly  reftificd  fpirits  of  wine  in- 
ftead  of  water ;  but  the  refult  was  nearly  the  fame  as  before : 
the  force  of  the  charge  was  conftantly  and  very  faifibly  dimi- 
nifhed. I  afterwards  made  ufe  of  etherial  oil  of  turpentine* 
and  then  of  fmall  quantities  of  quickfilver  j  but  fliU  with  na 
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betteV  fuccefs.     Everything  I  mixed  with  the  pow^dcr, ,mftead 
of  increafing,  ferved  to  leflen  the  force  of  the  charge, 

Thefe  trials  were  all  made  feveral  months  before  1  began  the 
courfe  of  my  experiments  upon  gun-powder,  which  I  havie 
already  given  an  account  of;  and  though  they  were  altogether 
unfuccefsful,  yet  I  refumed  the  inquiry  at  that  time,  and  made 
feveral  new  experiments,  with  a  view  to  find  out  fomething 
that  (hould  be  ftronger  than  powder,,  or  which,  when  mixed. 
with  it,  fhould  increafe  its  force. 

It  is  well  known,  ths^t  the  elaftic  force  of  quickfilver  con- 
verted into  vapour  is  very  great ;  this  fubftance  I  made  ufe  <rf* 
in  my  former  trials^  as  I  have  juft  obferved,  hut  without  fuc- 
cefs. I  thought,  however,  that  the  failure  of  that  attempt 
might  poflibly  be  owing  to  the  quickfilver  beinjg  too  much  in  a 
body,  by  which  means,  the  fire  could  npt  aft  upon  i?.  to  the 
greateft  advantage ;  but  that  if  it  could  be.  divided  intQ  exceed-- 
ing  fmall  particles,  and  fo  ordered  that  each  particle  ngdght  be 
completely  furrounded.  by,  and  expofed  to,  the  aftioa  of  the 
flame  of  the  powder,  it  would  be  vejy  fooa  heated,  apd  poflibly 
might  be  converted  into  an  elaftic  ftearat  or  vapour,  before  the 
bullet  could  be  fenfibly  removed  from  its  place*  Tp  determine 
this  point  I  mixed  2Q  grains  of  aBthiopsmitteral  very  intimately 
with  1 45  grains  of  powder,  and  charging  the.  piece  with  this 
compound,  it  was  loaded  with  a  fit  bullet  and  fired ;  but  the 
force  of  the  charge,  was  lefs  than  that  which  the  powder  alone 
would  have  exerted,  as  appears  by  coijiparing  the  76th  and  77th 
experiments  with  tlie  79th, 

Common  pulvis  fulminans  is  made  of.onepartof  fulphuct 
two  parts  of  fait  of  tartar,  and  three  parts  of  nitre ;  and  if  we 
may  judge  by  the  report  of  the  explofion^  the  ejailic ,  force  of 
this  compound  b  confiderably  greater  than  that  of  gun-powder. 

I  was 


upon  Guit'-powder^  &c.  ^±j 

1  was  willing  to  fee  the  efFedt  of  mixing  fait  of  tartar  with  gun- 
powder, and  accordingly  having  provided  fome  of  this  alkaline 
fait  in  its  pureft  ftate,  thoroughly  dry,  and  in  a  fine  powder,  I ' 
mixed  20  grains  of  it  with  145  grains  of  gun-powder;  arid 
upon  difcharging  a  bullet  with  the  mixture,  I  found  that  the 
all^line  fait  had  confiderably  leffened  the  force  of  the  powder. 
See  experiment  N°  78. 

I  next  made  ufe  oi  fal  ammoniacum.  That  fait  has  been 
found  to  produce  a  very  large  quantity  of  elaftic  air,  orvspour, 
when  expofed  to  heat  under  certain  circumftaaces ;  but  w^hen 
20  grains  of  it  were  mixed  with  a  charge  of  gun- powder,  in- 
Aead  of  adding  to  its  force,  it  diminifhed  it  very  fenfibly.  See 
the  80th  experiment, 

Moft,  if  not  all,  the  metals^  are  thought  to  produce  large 
quantities  of  air  when  they  are  diflblved  in  proper  menjirua^  and 
particularly  brafs,  when  it  is  diflblved  in  fpirit  of  nitre.  De- 
iirous  of  feeing  if  this  could  be  done  by  the  flame,  or  acid 
vapour  of  fired  powder,  I  mixed  20  grains  x)f  brafs  in  a  very 
fine  powder,  commonly  called  brafs .  duft  (being  the  fmall 
particles  of  this  metal  that  fly  off  from  the  wheel  in  fharpening 
pins),  with  145  grains  of  powder,  and  with  this  compound 
and  a  fit  bullet  I .  loaded  my  barrel  and  difcharged  it ;  but  the 
experiment  (N""  8 1 .)  (hewed,  that  the  force  of  the  powder  was* 
not  increafed  by  the  addition  of  the  brafs  duft,  but  the  con- 
trary. 

It  feems  probable,  however,  that  neither  brafs  duft  nor 
aethiaps  mineral  are  of  themfelves  capable  of  diminifhing  the 
force  of  gun-powder  In  any  con  fiderable  degree,  otherwife  than, 
by  filling  up  the  interftices  between  the  grains,  and  obftrudling 
the  paflage  of  the  flame,  and  fo  impeding  the  progrefs  of  the  in- 
flammation.    And  hence  it  appears,  how  earthy  particles  and 
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.  iqnputities  of  all  km6s  are  £o  very  detrimental  to  gun-powder. 
It  is  not  that  they  deftroy  or  alter  the  propertks  of  any  of  the 
bodies  of  which  the  powder  is  compofcd,  but  fimply,  that  by 
obftrufling  the  progrefs  of  the  inflammation,  they  leflen  its 
force,  and  render  it  of  Utile  or  no  value.  Too  much  care, 
therefore,  cannot  be  taken  in  powder  to  free 

the  materials  from  all  heteroger 

Of'  an  attempt  toJJiOQt  bullets. 

Having  often  obferved  paper  and  other  light  bodies  to  come 
out  of  great  guns  and  fmall  arms  Inflamed,  I  was  led  to  try  if 
other  inflammable  bodies  might  not  be  fet  on  fire  in  like  man- 
ner, and  particularly  inflammable  fluids  j  and  I  thought  if  this 
could  be  cfFeifled,  it  might  be  pofTible  to  project  fuch  ignited 
bodies  by  the  force  of  the  exploiion,  and  by  that  means 
communicate  the  fire  to  other  bodies  at  ibme  confiderable 
diflance ;  but  in  this  attempt  I  foiled  totally.  I  never  could 
fet  dry  tow  on  fire  at  the  diflance  of  five  yards  'from  the 
muzzle  of  my  barrel,  I  repeatedly  difcharged  large  wads 
of  tow  and  paper,  thoroughly  foaked  in  the  mofl  inflammable 
fluids,  iuch  as  al&obol^  atherial /pint  of  turpentinfj  halfam  oj 
fulphur.  Sec. ;  but  none  of  them  were  ever  -fet  on  fu-e  by  the 
.  explofion.  Sometimes  I  difcharged  three  or  four  fpoonfuls  of 
the  inflammable  fluid,  by  interpofmg  a  very  thin  wad  of  cork 
over  the  powder,  and  another  over  the  fluid ;  but  flill  with  no 
better  fuccefs.  The  fluid  was  projefted  againft  the  wdll  as  be- 
fore, and  left  a  mark  where  it  hit ;  but  it  never  could  be  made 
to  take  fire  ;  fo  1  gave  up  the  attempt.  If  it  had  fucceeded, 
probably  it  would  have  turned  out  one  of  the  mofl  important 
difcoveries  in  the  art  of  war  that  have  been  made  iince  the 
invention  of  gim-powder. 
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XVL  Account  of  a  luminous  Appearance  in  the  Heavens.  By 
Mr.  Tiberius  Cavallo,  F.  R.  S.  in  a  Letter  to  Sir  Jofeph- 
Banks,  Bart.  P.  R.  S. 


Head  April  5,  1781. 

I  TAKE  the  liberty  to  fend  you  an  account  of  a  luminous 
appearance  obferved  laft  night  in  the  heavens,  which  feems- 
to  be  very  fingular  in  its  nature,  and  quite  diftindt  from  the 
euri>ra  borealis. 

At  about  half  an  hour  paft  nine  yefterday  evening,  being  the 
27  th  of  March,  a  white  light  began  to  be  feen  in  the  fky,  which 
became  gradually  more  and  more  denfe  till  ten  o'clock,  at  which 
time  it  formed  a  compleat  luminous  arch  from  eaft.to  weft.. 
Of  this  1  have  been  informed  by  others ;  hot  at  a  quarter  paft 
ten  1  went. out  of  the  houie  and  obferv«d  it  myfdf.  At  that 
time  it  appeared  to  be  an  arch  of  about  leven  or  eight  degrees  in 
breadth  extended  from  eaft  to  weft,  or,  as  fbme  of  my  friends 
imagined,  in  the  direftion  of  eaft  by  north  to  weft  by  fouth. 
Its  weftern  part  quite  reached  the  horizon ;  but  the  eaftern  part 
of  the  arch  fecmed  to  begin  at  about  50''  or  60"*  above  the  hori- 
zon. It  did  not  pafs  through  the  zenith  but  at  about  &°  or  10^ 
fouthward  of  it,  and  it  was  nearly  perpendicular  to  the  horizon. 

The  whitenefs  of  this  arch  was  much  denfer  than  that 

any  aurora  borealis  I  ever  obferved,  though  it  did  not  eaft  fo 

much  light  upon  the  terreftrial  objefts.     Towards  the  middle 

it  w^as  fo  denfe,    that  the   ftars  over  which   it  paiied  were 

I  eclipfed ; 


35©    Af^*  CAvALLO*s  Acct/unt  of  a  lummus  jlppearance,  &c. 
eclipfed  ;  but  jhe  fides  of  this  luminous  arch  were  more  feint 
and  tranfparenl. 

The  inclofed  drawing  fhews  its  appearance  at  about  half  an 
hour  paft  ten  o'clock.  At  about  three  quarters  paft  ten  it  began 
tolofeitsbrightnefs,  firft  at  a,  and  then  vaniftied  gradually,  lb 
that  at  eleven  o'clock  none  of  it  could  be  perceived.  As  fooii 
as  any  part  of  this  arch  loft  its  denfe  whitenefs,  the  ftars  ap- 
peared through  it  quite  diftinft,  ib  that  it  could  not  be  a  cloud. 
The  light  alfo  feemed  to  vanifh  without  change  of  place;  for 
it  did  not  appear  to  be  difperfed  through  thefky,  or  to  be  driven 
in  any  diredtion. 

This  extraordinary  appearance  to  me  feemed  quite  diftinft 
-from  the  aurora  borealii  for  the  following  reafons,  i}i%,  becaufc 
it  eclipfed  the  ftars  over  which  it  pafled ;  becaufe  its  light,  or 
rather  its  white  appearance,  wasftationary  and  not  lambent; 
and  becaufe  its  direftion  was  from  eaft  to  wefl. 

Theatmolphere  was  in  other  refpefts  very  ferene,  the  ftars  Ihin- 
ing  very  bright,  and  no  cloUd  appearing.  The  northern  light 
was  exceedingly  faint,  and  very  low  about  the  northern  point  of 
the  horizon.  The  wind  was  nearly  north-eaft,  and  it  could  be 
Juft  perceived  in  the  ftreets. 

I  am,  &c, 
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XVIL  Account  of  an  Earthquake  at  Hafodunos  near  Denbigh. 
By  John  Lloyd,  Efq.  F^.R.  S.  in  a  Letter  to  Sir  Jofeph 
Banks,  B^rt.  P.  R.  S. 


Read  April  $j  lySi.. 

Hafodnnos  near  DcHbigh,, 
!>£  A-R    SlUi  Dec.  31,  1781. 

UPON  the  29th  day  of  laft  Auguft,  at  8  h.  37'  30  ^  i: 
was  fitting  on   my  *  bed- fide,   and  heard   a   rumbling . 
ntufe,  as  if  at  a  diftance:,the  found. feemed  to  approach  me, 
and  when  it  was  greateft  the  bed  rocked  and  (hook  fo  much  . 
that  I  could  fcarcely  keep  my  feat.  .  I  could  have  no  doubt  of 
its  being  an  .earthquake,  and  inftuntly  looked  at  my  barometer, 
which  is  of  Mi:,  de  jluc's  conftruftion  ;  it  ftood  at  29.57  ^"ches. 
Attached  thermometer  65^  ,  The  barometer  had  been  ftationary 
nearly  fgr  the  three  preceding  days,  and  did  not  feem  to  be 
afFefted  with  the  ihock.  /  The  morning  was  remarkably  fine, 
and  not  a  fingle  cloud  to.  befeen.     Two  of  my.  fifters  and  a 
gentleman  were  walking  upon  the  terrr.ce  in  the  garden  by  the  . 
fide  of  a  wall :  they  all  perceived  the  noife*  at  firft  as  if  at  a 
great  diftance ;  but  when  it  was  greateft  they  perceived  the 
wall  to  (hake,  though  they  did  not  ohferve  any  agitation  under 
their  feet.  As  they  were  walking,  and  obferyed  the  (jpot  when 

♦This  houfc  is  built  upon  the  fide  of  a  rock  ;  and  my  bed-chamber,  though 
up  two  pair  of  ft  airs  j  is  on  a  ground-floor,  the  floor  is  not  more  than  one  foot 
fronvthe  folid  rock  in  my  bed-chamber. 

they 


jjl  Mr.  tA.6x\>^t  Account  of  an 

they  firft  heard  the  found,  and  the  fpot  they  came  to  when  it 
ceafed,  I  was  enabled  to  afcertain  its  duration  pretty  exaftly, 
and  find  it  to  have  been  from  fifteen  to  eighteen  feconds.    Its 
courfe  was  nearly  from  fouth*etift  to  north-weft.     Some  other 
perfons  in  our  houfc  perceived  a  double  fhock ;  and  this  has  been 
obferved  by  many  who  felt  it  in  othei*  places*     It  was  felt  at 
Flint  by  Mrs.  seaman  and  her  daughter,  who  obferved  the 
cups  rattled  upon  the  faucers  as  they  fat  at  breakfaft.     Mr* 
pennant's  family,  at  Downing,  fancied  that  an  empty  wag- 
gon was  coming  into  the  back-court,  which  is  paved«     It  was 
ftrongly  felt  at  Llonrwft  by  the  whole  town,  and  part  of  a 
ftone  wall  was  flung  down.     At  Carnarvon  (which  is  in  the 
fame  parallel  of  latitude  as  this  place,  ^3*"  10')  the  ihock  was 
very  flight*     It  was  perceived  in  many  places  about  Conway ; 
but  not  at  all  by  any  one  in  town*     Sir  hugh  wilLiams  felt 
it  very  ftrongly  at  his  houfe  near  Beaumaris*     At  our  friend  Mr* 
bAviEs's,  in  that  toAvn,  a  door  clapped  backwards  and  forwards 
feveral  times ;  and  at  Lord  bulkeley*s  feat.  Boron-hill,  the 
family  were  much  alarmed,  it  was  fo  violent.     It  was  ftrongl/ 
felt  at  Holyhead,  and  at  an  eminent  folicitor*s  in  the  ifland  0^ 
Anglefey,  the  deflcs  before  feveral  clerks  in  his  oflfice  (hook  fb 
that  they  could  not  write*     It  was  ftrongly  perceived  at  Mn 
FiTZMAURiCE^s,  at  Lleweny-hall  in  the  Vale  of  Clwyd,  and 
in  feveral  other  places  in  that  Vale.     All  the  peninfula  in  Car- 
narvonihire  called  Llun,  furrounded  by  St.  George's  Channel^ 
was  ftiook  very  much*     There  have  been  two  (hocks  fince  this 
I  have  been  defcribing*   Mn  pennant  felt  one ;  but  I  was  not 
fenfible  of  either.     The  times  it  was  felt  at  differ  very  much  on 
account  of  the  variations  in  the  feveral  dials  from  whence  the 
clocks  are  regulated ;  but  I  am  very  exaft  as  to  my  own  time^ 
having  the  day  preceding  the  earthquake,  and  that  very  day, 

afcertained 
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arcertained  my  time  by  equal  altitudes,  taken  with  one  of  Mr. 
bird's  aftrouomical  quadrants  of  one  foot  radius.  As  every 
phenomenon  of  this  kind  is  iuterefting,  you  pay,  perhaps, 
wifh  to  communicate  this  account  to  the  Royal  Society ;  which 
you  are  welcome  to  do,  if  yoa  think  it  worth  the  attention  of 
To  iiluflrious  a  bodyj 

1  have  the  Iv^nour  t»  be,  &c. 
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XVni.  CJ«   the  Jfeat  of  ihf  Water  m  the  GulKftream.    Bf 


ONE  of  the  mofi:  remarkabk  fads  obferved  m  naregatog- 
the  ocean,  is  that  conftant  and  rapid  ctrrrenfi  which  fits^ 
along  the  coaft  of  North  America  to-  the  nortLward  and  eaft- 
ward,  and  is  commonly  known  to  feameii  by  the  name  of  the 
Gulf-ftream.  It  feems  juftly  attributed  to  the  effedJ:  of  the 
trade- winds,  which  blowing  frenj,  the  eaflern  quarter  into  the 
great  Gulf  of  MexiCQ,  catfrSb  thcfe  «u  wrcumukitibn  of  the 
water  above  the  eortiHiojfi  leyel  oi  th^^-feji ;  ia  confcquence  of 
yvhich,  it  is-  conftaatly  r^uruog  out  bjrithe  chaijnel  where  it 
finds  leaft  refiftance^  ^feat  $s>  throiK^^  the  Gulf  of  Florida,, 
with  fuch  force  as  to*"can(fewe  a  d^in£b  ftream  to  a  very  great 
diftance*  Since  all  (hips  going  from  Europe  to  any  of  the 
fbuthern  provinces  of  North  America  muft  crofs  this  current,^ 
and  are  materially  afl££led  by  it  in  their  courfe,  every  eircum- 
ftance  of  its  motion  becomes  aaobjeft  highly  interefting  to  the 
feaman,  as  well  as  of  great  curiofity  to  the  philolbph'er.  Aw 
obfervation  which  occurred  to  me  on  the  fpot  fuggefts  a  new 
method  of  inveftigating  a  matter  that  appears  fb-  worthy  of 
attention.. 

During  a  voyage  to  America  in  thefpring  of  the  year  1776,! 

vXtii  frequently  to  examine  the  heat  of  (ea-water  newly  drawn,. 

in  order  to^compare  it  with  that  of  the  air..  We  made  our  paflage 

%  •         -        iir 


JDK  iLAbhni^'dn  di71[edr^  'hi.  j^ 

flir  to  the  roittlrw^l^d.  In  this  fitufttian,  tlie  greateft  heat  of  thQ 
water  %vMdi  r  obferVed  Was  fuch  as  raifed  the'quickfilver  iii' 
FA&ft^^feEiT's  theririometer'to  77^|>''' This  happened  twice  j 
the  firft'tlme  bti'the  roth  o^  April,  In  latitude  ii^  lo'  N.  and 
longitude/  by  our  teCkbning,  52''  W';  ahd.  the  Tecond'  time> 
thrte  daysafter\vards;iri  ktitude  2l*  7'  and  lohgittide  55 ^^ ;  but  . 
in  generh!  the  he^itof  the  (ea  neir  the  tropic  of  Cancer  about 
die  middle  of  ApriV'^^as  from  76*  to y7\  •  \^  '  ^  * -"^ 
Tlie  rendezvous  appointed  for  the  fteet  beihg  off  Cape  Fear/ 
our  coufie,  on  ap{)foaching  the  Aiiiiefieaii  coaft,  bccahie  nortlv- 
weftWjlrd. '  On  the  2  jd^*^  of  Aj^riftheheat  of  thafea  was  74% 
our  latitude  at  noori  28''  7'  N.  Next  day  the;  heat;  was  only 
^x*^ ;  'we  werd  then  iri'  latitude  1^  lift  the  heat'^df  the  water,' 
therefore,  was  now  leffening  very  faft  iil  proportion  to  the 
change  of  latitude.'  The  25th  our  latitude  Was  jt'' 3';  b,ut 
thougK  We^had  thug  gone  alnfioft'2^  farther  to*  the  northward, 
the  heat  bf  the;  fea.  Wis  this  day  rAthfef  increased,  it  being  7?;* 
in  Ae  niorning,  and  72''i  in  the 'evenings  '  Next  day,  the  26tfi 
of  Ajpfil^  at  half  dfter  eight  in  the  mofriiftg;  1  again*  pliin^eci 
the  thefm'ometer  into  Tea- water,  and  was  greatly  rurjprlfe^  to 
fee  the  c^uickfilvef  n{e  to  78%  higher  than  I  had  ever  obfcrveji 
It,  even  within  the  tropic.  As  the  difFefeilce  was  too  great  to 
be  imputed  to  any  accidental  variation,  I  immediately  conceivect 
that  we  ftiuft  have  dome  into  the  Culf-iiream,  the  water  of 
which  ttill  retained  gfeat'paft  of  the  heat  thad  it  Had  acquired 
in  the  torrid  zori'd  This  idea  was  confirmed  by  the  fubfequeiit 
regiikr  aiid  quick  dtminutldh'  b"f  the  heafi  the  fiiips  ruii 
for  a  quarter  of  aft  JioUf'had  lefletled  it  i°i  the  thermometer* 

*  Fi(a^  the  difference  between  bivil  and  haQtical  \\vt^  k  (>epo9i0t  neeefirjr  tf 
^ftrvci  that  the  former  is  always  meant  in  this  paper, 
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at  three  quarters  after  eight,  being  raifed  by  fea-watet  fre(h 
drawn  only  to  76° ;  by  ninq  the  heat  was  reduced  to  73%  and 
in  a  quarter  of  an  hour  more^  to  71''  nearly :  all  this  time  tbe 
wind  blew  frefh,  and  we  were  going  feven  knots  an  hour  on  a 
north-weftern  courfe*  The  water  now  began  to  lofc  the  fine 
tranfparent  blue  colour  of  the  Ocean^  and  to  aflume  (bmething 
of  a  greenifli  cdive  tinge,,  a  well-known  indication  of  found- 
ings. Accordingly,  between  four  and  five  in  the  afternoon 
ground  was  Uruck  with  the  lead  at  the  depth  of  eighty  fathom, 
tlie  heat  of  the  fea  being  then  reduced  to  6^.  In  thecourfeof 
the  followiiig  night  and  next  day,  as  we  came  into  Shallower 
water  and  .nearer  the  land,  the  temperature  of  the  fea  gra- 
dually funk  to  65"",  which  was  nearly  th*t  of  the  air  at  the 
time* 

Unfortunately  bad  weather  on  the  26th  prevented  us  from: 
taking  an  obfervation  of  the  fun  ;  but  on  the  27th,  though  it 
uvas  then  cloudy  at  noon,  we  calculated  the  latitude  from  two 
altitudes,  and  found  it  to  be  ^^"^  ^f>'  N.  The  diffesence  of  this 
latitude  from  that  which  we  had  obferved  on  the  25th^,  being 
i"  23',  was  fo  much  greater  than  could  he  deduced  from  the 
iliip^s  run  marked  in  the  log-book,  as  to-  convince  thefeamen 
that  we  ha4  been  fet  many  miles  to  th^  northwacd.by  the 
current. 

On  the  2 5th  at  noon,  the  longitude  by  our  reckoning 
was  74"*  W..and  I  believe  the  computation  to  have  been  pretty 
juft  ;^  but  the.  foundings,  tpgether  with  the  latitude,,  will  deter- 
mine the  Ipot  where  thefe  obfervations  were.- made,  better  than 
any  reckoning  frgm  the  caftward.  The  ftiip's  run  on  the  26th, 
^om  nine  in  the  forenoon  to  four  in  the  afternoon,  was  about 

tea-tiiagues  on  a  north- weft  by  north  courfer  fbon  afterwards 
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we  hove-to  in  order  to  found,  and,  finding  bottom,  we. went 
very  flowly  all  night,  and  till  noon  the  next  day. 

From  thefe  obfervations,  I  think,  it  may  be  concluded, 
that  the  Gulf-ftream,  about  the  33d  degree  of  north  latitude, 
and  the  76th  degree  of  longitude  weft  of  Greenwich,  is,  in 
the  month  of  April,  at  leaft  fix  degrees  hotter  than  the  water 
of  the  fea  through  which  it  runs.     As  the  heat  of  the  fea- 
water  evidently  began  to  increafe  in  the  evening  of  the  25th, 
and  as  the  obfervations  (hew  that  we  were  getting  out  of  the 
current  when  I  firft  tried  the  heat  in  the  morning  of  the  26th^ 
it  is  moft  probable,  that  the  fhip's  run  during  the  night  is 
nearly  the  breadth  of  the  ftream  meafured  obliquely  acrofs ; 
that,  as  it  blew  a  freih  breeze,  could  not  be  much  lefs  than 
twenty-five  leagues,  in  fifteen  hours,'  the  diftance  of  time  be- 
tween the  two  obfenrations  of  the  heat,  and  hence  the  breadth 
of  the  ftream^  may  be  eftimated  at  twenty  leagues.  The  breadth 
of  the  Gulf  of  Florida,  which  evidently  bounds  the  ftream  at 
Its  origin,  appears  by  the  charts  to  be  two  or  three  miles  lefs 
than  this,  excluding  the  rocks  and  fand-banks  which  furround  the 
Bahama  Hlands,  and  the  fhallow  water  that  extends  to  a  confir 
derable  diftance  from,  the  Coaft  of  Florida ;  and  the  correfponr 
dence  of  thefe  meafures  is  very  remarkable,  fince  the  ftream,  from 
well-known  principles  of  hydraulics,  muft  gradbally  become 
wider  as  it  gets  to  a  greater  diftance  from,  the  channel  by  which. 
it  ii!ues. 

If  the  heat  of  the  Giilf  of  Mexico  wa^  knownV  many  cu- 
rious calculation&might*  be  formed  by  comparing  it  with  that  of 
the  current;.  The  mean  heat  of  Spanifli-town  and  Kingfton  in 
Jamaica  feems^  not.  to  exceed  81''* ;.  that  of  Su  Domingo  on 

*  Hiflory  of  J^mai&ii.LoDdoD,  i774»  vol*  111..]^  652^.653.  The  different 
obfervations  of  the  heat  recorded  in  that  work  .dp  not  agree  together ;  but  thoft 
adopted  here  are  taken  from  that  feries  which  appeared  to  mp  the  moft  corre^. 
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the  fea-Coa{V  may  be  eftimated  at  the  fame  from  Monf.  00DlK*i 
pbfervations  * ;  but  as  the  coaft  of  the  continent  which  bounds 
the  gulf  to  the  weftward  and  Ibuthward  is  probably  warmer, 
perhaps  a  degree  or  tviro  may  be  allowed  for  the  meaif  tempera- 
ture of  the  climate  over  the  whole  bays  let  it  be  ftaCed  at  82" 
or  83°.  Now  there  f*eem3  to  be  great  probability  in  thefuppo* 
fition  that  the  fca,  at  a  certain  comparatively  fmall  diftance  be- 
low its  furface,  agrees  in  heat  pretty  nearly  with  the  average 
temperature  of  the  ak"  during  the  whole  year  in  that  part ;  and 
hence  k  rfiay  be  conjectured,  that  the  general  heat  of  the 
water,  us^it  ifliies  out  of  the  bay  to  form  the  ftream,  is  about 
Sa'^^^  the  fmall  vari^idns  of  temperature  on  the  furface  not 
beitjg  firfficient  to  affeft  materially  that  of  the  general  mafs. 
At  the  tropic  of  Cancer  I  found  the  heat  to  be  77° ;  the  ftream, 
therefore,  in  its  whole-  courfe  from  the  gulf  of  Florida,  may 
be  fuppofed  to  have  been  conftantly  running  thfdugh  water 
from  4^*  to  6""  colder  than  itfelf,  and  yet  it  had  loft^oniy  4''  of 

*  Monf.  Rodin's-  experiments  upon  the  pendulum  were  mode  at  the  Petit 
Goave.  They  continued  from  the  24th  of  Auguft  to  the  4th  of  September,  and 
the  averager  heat  during  that  time^as  flich  as  is  indicared  1^  ij®  of  Mcmf.  dk 
Reaumur's  thermometer  (fee  Mem.  Acad*  Scienc*  173^,  t^-  S'7')^  -According  xo 
Monf,  M  Lub's  calculation  (fee  Modiftcations.  de  TA^iniofpcre^  vq)i  I.  p.  578*) 
the  2Sth  degree  of  Moiif/DE  reauatur's  true  thermometei'  anfwert  to  iboot  thi 
85th  of  fAhrenkeit^s;  but  the  average  heat  in  Jamaica  during  the  months  of 
Auguft  and  September  is  klfo  8^^;  hence  we  may  conclude^  that  the  mean  heat 
for  the  whole  year  is  nearly  the  fame  on  the  fea-coafts  in  both  iQandi.    ' 

f  The  iowed  calculattott  of  th^  mean  teoiperalori  of  the  gutf  is  preFei-rad  on 
this  occafioOt  -btcaiife  of  the  eonftam  influx  of  new  water  (x^fA  tht  Atbnti^ 
Ocean  prpduced  by  the  trade-winds ;  which  water  not  having^  been  near  any  land 
rouft,  I  think,  be  fenfibly  cooler  than  that  which  has  remained  foroe  time  incloM 
!q  the  bay.  '  Oh  thi's  fbbjed  the  obfervationi  made  by- Alexander  bALRYMfLi» 
Bfq»  relative  to  thehestof  ctioifta  near  tke  Co«ft  of  Guhfea,  ciugfat  to  be  con- 
fiilted  free  PhsL  Tcaitf.  v«l.  LXVllt.  p.  394^  8ceO. 
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heat,  though  the  furrounding  w^tcr  where  I  obferved  it  was 
lo*"  belo^y  the  fuppofed  original  temperature  of  the  water  which 
forms  the  currents  From  this  fmall  diminution  of  the  heat,  in 
a  diftance,  probably  of  300  miles,  fome  idea  may  be  acquired 
of  the  vaft  body  of  fluid  which  fets  out  of  the  gulf  of  Mexico^ 
and  of  the  great  velocity  of  its  motion.  Numerous  obferva- 
tions  on  the  temperature  of  this  ftream,  in  every  part  of  it^ 
and  at  diffeirent  ieafons  of  the  year,  compared  with  the  heat  of 
the  watei:  in  the  furrounding  fea9>  both  wkhin  and  without 
the  tropin;,  would,  I  apprehend^  hfi  %he  beft  means  of  afcer-* 
taining  its  uature,  and  detqrnuni^g  every  material  circumftance 
of  its  movement,  efpecially  if  the  effect  of  the  current  in 
puihing  fhip]^  tp  the  ujottbward  i^  carefully  attended  to,  at  the 
iam^  time  with  the  obii^ervation^  upon  its  heat,.  > 


On  1^  25th  of  S^pteinber  1 77 7,. « the  tffiiips  whkh  had! 
tranfporfed  Sir  vv^ili;iaj*:  uoyTE^s  irmy  up  Chefapeak'Bay  were 
returrung  toward' the  Delaware,  with  the  fick  and  ftores,  they 
were  overtake^f,  between^  Cape  Charles  and  Cape  Hinlopen,  by 
a  violent  gale  of  wind;  which»  afteribmt  variation,  fixed  ulti- 
mately af;  N*N.£.  aad;  conlimjed  five  day4  without  iutermiffion^ 
It  blew  fb  hard  t£iat  we  w^re  conftaatly  lofing  ground,,  and  * 
driving  tO' tbcfo^lbward*^  we  alio  purpbfely  made  fbme  eajiing  to» 
keep  clear  q&\  the  4angerou6  fhoaU  which  lie  off  Cape  Hatteras.  * 

The  28th  zA  noDUi^m?  Irfitudfe  was,  3^6°  4o^N.  and  the  heat 
o£  the  fea  ai,l  day  ^bout  65;%  .On  the  z^thoMX  latitude  wa& 
3^  z' ;  we  had,  thare^o^  in  the  caude;o£  thefe  tirenty- fouir 
hoors^  been  driven  by  the  wind  38  nautical  miles  to  the  fbuth-- 
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ward :  the  temperature  of  the  fea  continued  nearly  at  65'. 
Next  day,  the  50th,  our  latitude  at  noon  was  35^  44',  only 
i  8  miles  farther  to  the  fouthward,  though  in  the  opinion  of 
the  feamen  aboard,  as  well  as  my  own,  it  had  blown  at  leaft 
as  hard  on  this  as  any  of  the  preceding  days,  and  we  had  not  been 
able  to  carry  more  fail ;  confequently  it  may  be  concluded,  that 
fome  current  had  let  the  (hip  20  miles  to  the  northward.  To 
know  whether  this  was  the  Gulf-ftream,  let  us  confult  the 
thermometer.  At  half  after  nine  in  the  forenoon  of  this  day 
the  heat  of  this  water  was  76%  no  lefs  than  eleven  degrees 
above  the  temperature  of  the  fea  before  we  came  into  the 
current ! 

Towards  evening  the  wind  fell,  and  we  ftood  N.W.  by  N. 
clofe^hauled.  As  the  fea  ftill  ran  very  high,  and  the  (hip  fcarcely 
went  above  two  knots  ah  hour,  we  did  not  make  lefs  than  three 
points  of  lee- way  on  this  tack ;  the  courKe  we  made  good, 
therefore  was  W.N.W.  which,  on  the  diftance  run  by  noon 
next  day,  gave  us  about  iixteen  miles  of  northing ;  but  that 
day,  the  ift  of  Oftober,  our  latitude  was  36*  22',  38  miles 
farther  to  the  north  than  we  had  been  the  day  before ;  the  dif- 
ference, 22  miles,  muft  be  attributed  to  the  Gulf-ftream.  This, 
however,  is  only  part  of  the  efFedl  which  the  current  would 
have  produced  upon  the  fhip  if  we  had  continued  in  it  the 
whole  four  and  twenty  hours ;  for,  though  we  were  ftill  in  the 
ftream  at  five  in  the  afternoon  of  the  30th,  as  appeared  by  the 
heat  of  the  water  being  then  above  75^,  and  at  eight  in  the 
evening  the  heat  being  ftill  74'',  yet  by  feven  next  morning  we 
yrtvt  certainly  got  clear  of  it,  the  heat  of  the  fea  being  then 
reduced  to  its  former  ftandard  of  65"".  On  this  occafion,  there- 
fore, we  did  Aot  crofs  the  ftreami  but  having  fallen-in  with  it 
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obliquely  on  the  weftern  fide,  we  pufhed  out  again  on  the  ikme 
iide  as  foon  as  the  gale  abated. 

Thefe  obfervations  having  been  made  three  degrees  to  the 
northward  of  my  former  ones,  it  is  curious  to  obferve, .  that  the 
heat  of  the  Gulf-ftream  was  about  2°  lefs.  The  leafons  of  the 
year,,  indeed,  were  very  different ;  but,  perhaps,  under  fucji 
circumflances  that  their  efFefts  were  nearly  balanced.  In  the 
latter  obfervations  the  meridian  altitude  of  the  fun  was  Ipfs ; 
but  then  a  hot  fummer  preceded  them  :  whereas  in  the  former, 
though  the  fun's  power  was  become  very  great,  yet  the  winter 
had  been  pad  but  a  (hort  time.  Calculating  upon  this  propor- 
tion we  may  be  led  to  fufpe6t,  that  about  the  27th  degree  of 
latitude,  which  is.  as  fbon  as  the  flream  has  got  clear  of  the 
gulf  of  Florida,  it  begins  fenfibly  to  lofe  its  heat  from  82%  the 
fuppofed  temperature  of  the  gulf  of  Mexico,  and  continues  to 
lofe  it  at  the  rate  of  about  2**  of  Fahrenheit's  fcale  to  every  3* 
of  latitude,  with  fome  variation,  probably  as  the  furrounding 
fea,  and  the  air^  are  warmer  or  colder  at  different  feafons  of 
the  year. 

The  preceding  fa£ls  had  made  me  very  defirous  of  ohferving 
the  heat  of  the  Gulf-ilream  on  my  paflage  homeward ;  but  k 
violent  gale  of  wind,  which  came  on  two  days  after  we  had 
failed  from  Sandy  Hook,  difabled  every  perfon  aboard,  who 
knew  bow  to  handle  a  thermometer,  from  keeping  the  deck. 
The  mafler  of  the  (hip,  however,  an  intelligent  man,  to  whom 
1  had  communicated  my  views,  aflured  me,  that  on  tlie  fccond  ' 
day  of  the  gale  the  water  felt  to  him  remaf kably.  warm^ ;  we 
were  then  near  the  70th  degree  of  weft  longitude.  This  agrees 
very  well  with  the  common  remark  of  feanieii,  who  alledge, 
that  they  are  frequently  fenfible  of  thie  Gulf-ftream 'off  Naii- 
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tucket  Ihoals,  a  diftance  of  more  than  looo  miles  from:  the 
gulf  of  Florida  1  Accordwig  to  the  calculation  I  have  be- 
fore  adopted  of  a  lofs  of  two  degrees  of  .heat  for  every  3**  of 
latitude,  the  temperature  of  the  Gulf-ftream  here  would  be 
nearly  73°;  the  difference  of  which  from  59%  the  heat  thatl 
obferved  ia  the  iea-water  both  before  and  after  the  gale,  might 
caiily  be  perceived  by  the  mafter  of  the  vefleh.  This  was  iii 
the  winter  feafon,  at  the  end  of  December. 

« 

An  opinion  prevails  among  feamen,  tfcat  there  is  fbmcthing 
peculiar  in  the  weather  about  tiie  Gulf-ftream.  As  far  as  I 
could  judge,  the  heat  of  the  air  was  coufiderably  increafed  by 
it,  as  might  be  expected ;  but  whether  to  a  degree  or  extent 
fufficient  for  producing  any  material  changes  in  the  atmofphere 
muft  be  determined  by  future  obfervations. 

Perhaps  other  currents  may  be  found  which,  ifTuing  froift 
places  warmer  or  colder  tharv  the  fwrounding  fea,  differ  firom 
k  in  their  temperature  fo*  much,  as  to  he  dlfcovered  by  the  ther- 
mometer. Should  there  be  many  fuch,  this  iaftrument  will 
come  to  be  ranked^  amoag  the  mod  valuable  at  (ea  ^  as  the  diffi*- 
culty  of  afcertainiog  currents  is  well  known  to  be  one  of  the 
greateft  defeats  iix  the  prefent  art  of  navigation.. 

In  tjhe  oiean  time,  I  hope  the  obfervations  which  have  been: 
here  wlated  ace  fufficient  to>  prove,  that  in  croffing  the  Gulf^ 
ftream  very  efiential  advantages  may  be  derived*  firom  the  ufe 
of  the  ^ermometer :  for  if  the  mafter  of  a  ihip,.  bound  to  any 
of  the  foutherR  provinces  of  North  America,  will  be  careful 
to  try  the  heat  of  the  fea  freq-uently,  he  muft  difcover  very 
accurately  his  entrance  into  the  Gulf-ftream,  by  the  fuddea  in- 
creafe  of  #ie  heat ;  and  a  continuance  of  the  fame  experiments 
yiU  flbew  him^  witji  equal  exa^nefs,  hov^f  long  he  remains  m 
it,.    Hetice  he  will,  always  be  able  to  make  a  proper  allowance 
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•fcrthc  number  of  miles  that  the  (hip  is  fet  to  the  northward, 
by  multiplying  the   time  into  the  velocity  of  the  current. 
Though  this  velocity  is  hitherto  very  imperfectly  known,  for 
want  of  fome  method  of  determining  how  Ibng  the  current 
aiSked  upon  the  fhips,  yet  all  uncertainty  arifing.  from  thence 
muft  fbon  ceafe,  as-  a  few  experiments  upon  the  heat  of  the 
ftream,.  compared  with  the  fhip*s  run  checked  by  obfervations 
of  the  latitude^  will  afcertain  its  motion  with  fufficient  preci- 
fion.     From  differences  in  the  wind,  and  perhaps  other  cir* 
cumftances,  it  is  probable,  that  there  may  be  fome  variations 
in  the  velocity  of  the  current;  and  it  will  be  curious  to  ob- 
Hbrve,  wliether  thefe  variations  may  not  frequently  be  pointed 
out  by  a  difference  in  its  temperature ;,  as  the  quicker  the  cur- 
rent moves,  the  lefs-heat  is  likely  to  be  lofl,.  and  confequently^ 
tlie  hotter  will  the  water  be^     In  this  obfervation,  however,  the 
feaibn  of  the  year  mufl  always  be  confidered ;  partly,  becaufe  • 
it  may,  perhaps,  in  (bme  degree  affeft  the  original  temperature 
©f  the  water  in  the  gulf  of  Mexico  ;  but  principally,  becaufe 
the  adual  heat  of  the  ftreftm  muft  be  greater  or  lefs  in  propor- 
tion as  the  traft  of  the  fea.  through,  which  it  has  flown  was 
warmer  or  colder.     Ih  winter,^.  Lfhould  fuppofe,  that  the  heat 
of  the  ftream  itfelf  vinould  be  rather  lefs  than  in  fummer ;  but 
Aat  the  difference  between  it  and  the  furrounding  lea  would  be 
much.,  greater;,  and  lean  conceive  that,  in  the  middle  of  fum- 
mer, though .  the  ftream  had  loft  very  little  of  its  ori^nal  heat, 
yet  the  fea  might,  in  £>me  parts,  acquire  fo  nearly  the  fame 
temperature,  as  to  render  it  fcarcely  poflible  to  diftinguifh  by 
the  thermometer  when  a  (hip  entered  into  the  current. 

Beiides^  the  convenience  of  correfting  a   (hip's  cour(e,  by- 
knowing  how  to  make  a  proper  allowance  for  the  diftance  (he  is 
fct  to  the  northward  by  the  current,  a  method  of  determming ' 
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with  certainty  when  (he  enters  into  the  Gulf-flream  Ts  attended 
with  the  further  ineftlmable  advantage  of  fhewiag  her  place 
upoii  the  ocean  in  the  moft  critical  fituation  :  for,  as  the  air- 
rent  fcts  along  the  coaft  of  America  at  no  great  diftance  from 
foundings,  the  mariner,  when  he  finds  this  fudden  incrtafe  of 
heaC  in  the  fea,  witl  be  warned  of  his  approach  to  the  coaH, 
and  will  thus  have  timely  notice  to  tr.ke  the  neceflary  precan- 
tiotis  for  the  fecurity  of  his  veflel.  As  the  courfe  of  the  Golf- 
flream  comes  more  to  be  accurately  known,  from  repeated  oh- 
fervations  of  the  heat  and  latitudes,  this  method  of  deter- 
mining the  fhip's  place  will  be  proportionably  more  applicable 
to  ufe.  And  it  derives  additional  importance  from  the  peculiar 
circumflances  of  the  American  coalt,  which,  from  the  mouth 
of  the  Delaware  to  the  ibuthernmofl  point  of  Florida,  is  every' 
where. low,  and  befet  with  frequent  fhoals,  runniugout  fo  tuc 
into  the  lea  that  a  vefTcl  may  be  aground  in  many  places  where 
the  fhore  is  not  to  be  diflinguifhed  even  from  the  mail-head. 
The  gulf-flream,  therefore,  which  has  hitherto  ferved  only  to 
increafe  the  perplexities  of  feamcn,  will  now,  if  thefe.obier- 
vatipns  are  found  to  be  jufl  in  pra<5tice,  become  one  of  the  chi?f 
means  of  their  prefervation  upon  that  dniigerous  coaft* 
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XIX.  Jccotmt  of  the  Appearance  of  the  Soil  at  dpefftffg:  4  Well,  at 
Hanby  in\  Lincolaihircr  In  a  Letter  from- Sir  Henry  C 
Englefield,  Bart.  F.  R.  and  A.  S.  to  Sir  Joleph  Banks^ 
Bart.  P.  R.S. 


Read  May  3,  1781. 


DEAR     SIR, 


THE  appearance  of  the  foil  which  fell  under  my  own  in- 
fpeftion,  on  opening,  a  well  at  Hanby,  the  feat  of  Sir 
c.  BUCK,  in  Lenton  jpaslih,  Linccrlnflaro,  being,  as  far  as  I 
can  recoUeft,  quite-  fiAJgukr,  I  hope  yov  ^iR  not  think  this 
account  of  it  unWorthfjr  tU^tttetitHon  cvf^  th*  Society. 

The  fpot  on  i^hi^  the  well  /v^as  ftftdl  h  nearly  on  a  level 
with  Lincoln  Heathy  atid  of  ^oih^e  ragh  gi'ound  compared 
with  the  fen,  whkN  is  ^diftaiit  from^  tfe^iboVe  fhc  miles.  The  foil 
was  uniformly  a  blue  clay^  in  fdrta  rather  inclining  to  a  ihaly 
ftrudure,  and  contained  niHny  cs£h^  of  tellina^^  ^  very  little 
pyrites,  and  fome  few  fmall,  but  very  elegant,  belemnites* 
Thefe  are  all  the  ufual  foilils  of  clay ;  but  what  I  think  with- 
out example  is,  that  through  the  whole  mafs  of  clay  were  in- 
terfperfed  nodules  of  pure  chalk,  evidently  rounded  by  long 
attrition,  and  of  all  (izes  from  that  of  a  pea  to  a  child  js  head. 

They  lay  in  no  fort  of  order  that  I  could  find»  How  deep 
this  appearance  might  have  continued  I  cannot  determine,  but 
no  water  having  been  found  at  the  depth  of  thirty  feet^  the 
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^^6    Sir  HENRT  c.  BNGLSFIBLD  Oft  ibt  Apptarantt^  &c. 
trial  was  given  up,  as  the  expence  would  have  exceeded  the 
advantage  propofed.    A  rpecimeii  of  the  chalk  is  herewith 
exhibited  to  the  Society, 

I  muft  add,  that  in  all  the  environs  there  is  not  the  leail 
trace  of  chalk  m  any  form  whatever  that  I  could  dtfcover  or 
hear  of. 

lam,  &C. 
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XX#  Agronomical  Obfervations  made  by  Nathaniel  Pigott,  Efq. 
F.  R.  S.  Foreign  Member  of  the  Academies  of  Bniflels  and 
Caen,  and  Correfpondent  of  the  Academy  of  Sciences  at  Paris. 
Communicated  by  Sir  Henry  C.  Englefield,  Bart.  F.  R. 
andA.S. 


Read  May  3,  1781; 

•r 

HAVING  given  in  the  Philofbpbical  Tranfa6):ions,  vol. 
LXVI.  for  the  year  1 776,  and  vol.  LXVIII.  part  11.  for 
J  7789  an  ample  defcription  of  the  excellent  aftronomical  in- 
ftruments  in  my  poflefCon,  it  will  be  needlefs  to  fay  any  thing 
here  on  that  fubjeft,  further  than  that  the  foUov^ing  obferva« 
tions  were  made  with  them. 

During  the  fximmer  of  1777,  part  of  which  I  (pent  with 
Lady  widdrington,  at  her  houfe  named  Wickhill,  about  a 
mile  from  Stow  on  the  Would,  Gloucefterfliire,  I  determined, 
by  fix  obfervations  of  it  *s  fatellites,  compared  to  correfpon- 
dent ones  made  on  the  fame  days,  Wickhill  W.  of  Greenwich 
i''  29^  45^^  It  is  proper  to  add,  this  is  likewife  the  longitude 
of  Stow,  it  being  under  the  fame  meridian,  or  very  nearly  fo^ 
as  WickhilL 

In  1778  and  1779  I  obferved  in  Glamorganftiire ;  and  by 
thirty-five  meridian  obfervations  of  the  fun  and  ftars,  all  agree- 
ing within  12^^  from  the  mean,  I  determined  the  latitude  ot 
my  obfervatory  at  Frampton  Houfe  51*  25'  i'^  N* 

FnmptOD 


348  Mr.  f  laoTT's 

Frampton-houfe  lies  between  Cowbrldge  and  Lantwit; 
about  four  miles  fouth  of  the  former,  and  one  mile  north  of 
the  latter,  and  about  two  miles  from  the  Briftol  channel ;  Is 
nearly  under  the  fame  meridian  as  Watchet,  a  market  town  in 
Somerfetfliire. 

The  rocks  on  the  Welch  coaft,  which  run  obliquely  fknting 
into  che  Briftol  cliannel,  render  the  navigation  ^  dangerous^ 
that  each  year  affords  the  horrid  fpeftacle  of  fhips  wrecked ; 
and  here  I  am  forry  to  add,  that  the  barbarous  cuftom  of  plun- 
dering thefe  unfortunate  veffels  ftill  fubfifts  in  all  its  inhuma- 
nity ;  at  the  fame  time  it  would  be  injyftice  to  the  gentlemen 
of  the  country  to  pafs  under  filence  their  repeated  endeavours 
tp  che^k  this  ^prmity ;  hot  hitherto  tbc^r^cfibrts  have  |iot  l^n 
attended  with  wvoh  fuccc^fs :  it  is  due  Xo,  humanity  tjo  make  fuch 
bad  pr^ices  public,  in  hopes  of  cxcijU?^  a«  inquiry,  which 
juftice  a;nd  the  fep^our  of  the  nation  loM4ly  call  for. 

The  little  that  has  been  iaid  fi^fices  ta  ihew  the  exp^dipocy 
of  corred  mags  of  this  channel.  The  i»nive|-i(al  opinioa  of  the 
country  is,  that  to  t^ne  Somcrietfliii:e  jgj>pp(i|e  coaft,  about 
Watchet,  PurlocX,  &g.  the  bi;eadth  of  the  channel  is  twenty 
Of  twenty-one  flwl^Sf  A  (ingle  glance  of  the  eye  fcems  fuffi- 
cieat  to.  cgnt/'^di^  th^s  notion ;  howeve^,  ^  upon,  bfpeding 
my  map?  t  found  the  diftai^ccs  fet  dawn  not  greatly  di&rent 
from  whajt  repojrt;  had^  made  them,  \ye  ipeafuf ed  them  geome- 
t];icaUy,  and  th^  refuJjt  gjvve  the  cl^auflel,  not  twenty,  but 
little  more  than  thirteen  miles  broad  at  the  aboveqgieQtipfijed 
places. 

Upon  tb^  whple  it  is  to  be  wiiOied,  that  ^^onomlc^l  obferva- 
tions,  fufB.cientiy cprre^,  \xre]^ mad&on  thp .3omerfct(hire iide, 
which  might  b^pongpared  with  thofe I  have  qiside  on  the  oppo- 
fite  ihore^^It  may  pofTibly  be  found,  that  the  towns  on  the 
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Engliih  coaft  are  placed  in  the  maps  too  much  fbuth,  and  thofe 
in  Wales  too  much  north  ;  and  hence,  perhaps,  the  too  great 
breadth  given  to  the  Briftol  channel.  This  is,  at  leaft,  the  cafe 
with  the  town  of  Lantwit,  which,  as  I  have  fald,  is  t6  the 
fbuthward  of  Frampton-houfe,  the  latitude  of  which  is 
51"*  25'  i'^;  neverthelefs  the  beft  and  moft  extenfive  map  *  I 
have  been  able  to  procure  gives  the  latitude  of  Lantwit 
51*"  29' 40'^  that  is  to  fay  4^39"  N.  of  Frampton-houfe. 
There  may  very  poffibly  be  particular  charts  of  the  Briftol 
channel  more  exadl ;  but  it  is  not  lefs  true,  that  the  common 
maps  ought  to  be  cleared  of  f uch  enormous  errors. 

I  determined  the  difference  of  meridians  between  Frampton- 
houie  and  Greenwich  by  comparing  four  immerfions  and  four- 
teen emeriions  of  %  *s  firft  and  fecond  fatellites  to  correfponding 
ones  made  in  other  obfervatories.     The  refult  is  as  follows : 


App.  time.  Immerfions. 


it 


14  II  By  an  obferv.  at  Greenwich. 

13  S*     ■  at  Upfal. 
>3  54               ■     '     at  Paris. 
14.    6        ■               at  Oxford. 

14  I  the  mean. 


App.  time.  Emerfions. 

13  43  By  an  obferv.  at  Oxforcl. 


14    a 
13  SO 

13  *^ 

13  44 

14  12 

»3  50 
14  II 

13  4a 
13  50 

n  59 
H  3 

H    7 


itoaaM 


at  Greenwich. 
N.  Almanack, 
at  Gneenwicb. 
at  Oxford. 
at  Paris* 
at  Paris, 
at  Oxford. 
at  Berlin, 
at  Oxford.    ' 
at  Greenwich, 
at  Oxford, 
at  Greenwich, 
at  Greenwich. 


13  55  Mean  of  emeriions. 

14  I  Mean  of  immerfions. 


13  58  by  a  mean   of  the    means 
FramptOD-honfe  W.  of  Greenwich  in  time,  or  3**  29'  30"  by  the  equator. 

*  By  JOHN  ADAM«.    The  fcale  is  to  minutes  of  a  degree. 

Vot.  LXXL  A  a  a  Occultations 


35^  M^*  piooTv's  /jftronomical  Obfcrvations. 

Occultations   of  fixed  ftars   obfcrvcd  at  Fraroptoii-houfe    in 

1777  and  1778. 

App.  time.  Oftober  21,  1777. 

1^  16  20    Imra,  >  Pollux;  doubtful  to  a"  or  3". 

November  15. 

6  19     3    Imm.  ill,  *  Tauri  into  light  part  of  D  :  doubtful  to  3"» 
'    6  54  22     Imm.  2d,  ^Tauri, 

7  8  42    Etnerf.  jft^  '  Tauri :  dark  part  of  ]>  • 

November  i6. 

xo  59  27    Ixnm.  {;  Tauri :  very  good, 

Julys,  1778- 

9     215}  Imm.  telefcopic  flar :  inftantancous. 
9     3  2^1  Imm.  vm :  inftantancous. 
10  27     8^  Emcrf.  vm,  from  light  limb  of  ]) :  fure  to  i^'  or  %*\ 

Declination  of  the  needle. 

In  the  beginning  of  1778  the  declination  weft  of  a  magnetic 
needle  of  four  inches  made  by  Mr.  dollond,  appeared  to  be 
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tl.  AbJraSf  of  a  RegJJier  of  the  Barometer^  'Thermometer^  atid Ra'niy  at 
Lyndon,  /n  Rutland,  17S0.     £/ Thomas  Barker,  EJquirc. 


Read  May  3,  1781. 


Barometer. 

Thermometer. 

iRain 

(Mean  rain.| 

In  the  Houfe. 

Abroad. 

Higlittt 

Lowcft 

Mean. 

Hgh 

Loiv. 

Mean 

High 

Low.iM™ 

3 

Morn. 
Aftern 

29,89 

28,16 

29.39 

39 

40 

28 
29 

34 
35 

36  i 
43 

■Si 

22J 

27 
3i 

1.013 

■,677 

■.573 

Horn. 
Aftem. 

30,06 

28,72 

29.49 

44 
44§ 

33 

34 

'i 

4' 
46 

22 

3°t 

3> 
39 

1,572 

■,87. 

■,378 

Morn. 
Aftern. 

29.94 

28,99 

29.47 

i;i 

4"i 
43i 

46 
47i 

J? 

3" 
45 

40 
51 

'.'75 

■,355 

■.3>5 

Morn. 
At'tern. 

29.77 

28,40 

29.21 

S3 
55 

40 
4"i 

46 
46 

1^ 

3^ 

1^ 

2.727 

■.314 

.,465 

Mora, 
flftera. 

29.83 

28,80 

29,48 

67 

72 

%i 

55 

57 

65 
8o{ 

40i 
S3 

soi 
bl 

1,201 

2,081 

1,610 

Morn. 

Afrcrn. 

S9.S9. 

29,26 

29.SS 

65 
7' 

52 
52 

57i 
59 

So 

43 
51 

53! 
04 

1,920 

2,374 

2,249 

Mora. 
Afttni. 

29.87 

29.2. 

29,61 

69 

l\ 
72 

58 

1? 
64 

65 
?3 

i\' 

S7i 
6qJ 

1,566 

2.507 

2,516 

Mora. 
Aftern. 

29,81 

29.43 

29,6s 

61 
63 

64 
66 

63 

8t} 

52 
63 

58 
70 

0,432 

2,468 

2,247 

•lorn. 
Ifara. 

29.79 

28,70 

29.38 

73i 

f.i 

61 

63 

61 
82 

ti 

Is 

3.427 

3,"42 

2,016 

4ora. 
Iftcra. 

29,87 

28,20 

29.23 

581 
59 

f 

5' 
52 

t. 

f^ 

44 
S3 

3,o8q 

2.975 

2,.j8 

lorn, 
ftcm. 

30,00 

28,62 

29.4' 

5°. 
Soi 

38i 
38) 

43 
43i 

f 

■9J 
3' 

3& 
40 

■  ,46  ■ 

2,372 

■,943 

lorn, 
ftcra. 

30,08 

29.22 

29.83 

45 
45} 

35 
35 

40 
40i 

461 

3°i 

\k 

0,534 

.,889 

1,740 

20.108 

26,024 

22.2IO 
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The  three  drieft  feafons  from  one  month  to  twelve  are  the 
fame  as  in  vol.  LXI.  except  the  following. 


Months 
2 
3 

7 

10 
12 


Jan. — Mar.  79 


Sept.  40 — Aug.4i 


0,582 


»3>427 


Feb,  and  Mar,  79 
Dec.  42 — Feb.  43 

CXa.  40 — July  41 


0,370 
0,934 

10,174 


Jan.  and  Feb.  79 
Jan. — Mar.  40 
Oft.  39 — Apr.  40 


0,451 
0,942 

o,S43 


The  three  wetteft  feafons  from  one  month  to  twelve  are 
entirely  different  from  thofe  in  vol.  LXI. 


Months. 

I 

2 

3 

4 

5 
6 

7 
8 

9 

10 

II 
12 


Sept.  74. 
L^ug.  and  6ept.74 
uly — Sept.  74 
uly-Oa.  75 
uly — ^Nov.  75 
uly— Dec.  75 
fuly75— Jan.  76 
July  75 — Feb.  76 
Jan. — Sept.  74 


8,000 
11,910 

«S.i37 
17,988 

21,558 
22,654 

,165 

»36o 
30,267 


Dec.  7  3— Sept.  74  33,164 
Nov.  73— Sept.74J36,769 
Oa.  73— S=Ft.74l39,390 


I 

Nov.  70  7,818 

oa.  and  Nov.  70  10,932 
July— Sept.  75  14,^08 
June — Sept.  74  17,620 
May— Sept.  74  20,762 
April— Sept.  74  2;2,285 
Mar. — Sept.  74  25,013 
Feb. — Sept.  74  26,959 
July  75— Mar.  76  29,878 

May  73— Feb.  74  30,877 
May  73— ^^'"•74  33>6o5 
May73— April  74135,1 28 


May  73  6,843 

Aug.  and  Sept.  75  10,450 
oa.— Dec.  70  13,545 
oa.  70— Jan.  7 1  14,958 
Aug.— Dec.  70  t7,03g 
Jun.— N0V.70  18,978 
July  63— Jan.  6422,902 
May — Dec.  73  25,623 
May  7  J— Jan.  7428,931 
July75_April  76  30,765 

iuly75— May763a,39a 
Iay75—Apnl  76  34,877 


The  year  began  with  froft,  and  was  perhaps  the  fevereft  winter 
fince  1 7,40,  but  there  was  not  a  great  deal  of  foow,  and  in  general 
it  was  calm.  The  froft  was  not  fo  fteady  as  it  was  that  winter, 
there  being  feveral  breaks  in  it ;  but  was  very  fharp, "  and  the 
ice*  was  never  intirely  gone  for  nine  or  ten  weeks  together  froiii 
December  22,  till  near  the  end  of  February^  when  it  wen* 
away  without  wet,  leaving  the  ground  remarkably  light  and 
fine,  and  the  weather  grew  mild,  and  continued  fo  moft  part  bf 
March  ;  but  the  coldnefs  of  the  ground  hindered  the  gi^afs  from 
growing  greatly  till  toward  the  end  of  the  time.    The  feed- 
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time  was  fine  and  good,  and  the  grain  came  up  very  well,  but 
the  firft  three  weeks  of  April  were  cold,  backening,  and  often 
frofty.  Toward  the  end  it  was  more  flibwery;  warmer  and 
growing,  and  from  that  time  the  fpring  continued  to  come  on,. 
and  there  were  to  few  N.E.*  wuidsthat  (hips  found  a  difficulty 
in  getting  down  the  channel,  which  is  very  unufual  at  that 
tinie  of  year,  and  all  the  fpring  from  the  end  of  February  till 
toward  the  end  of  June  was  very  windy,  chiefty  N.W^  antt 
S.W.       ^        -       •         ..      . 

In  the  former  part  of  fum'mer  there  were  artimes  very  hot 
days ;  but  the  fealbn  was  oftener  cool ;  many  little  fliowers,. 
which  in  fome  countries  were  fo  fmall  there  was  want  of  rain 
and  grafs,  here  we  did  pretty  well.  The  hay-time  was  fine, 
but  the  crop  fmall.  The  harveft  was  exceedingly  well  got : 
the  barley  and  oats  good,  and  fome  of  the  wheat ;  but  the  late- 
iown  was  thin  through  the  fevere  winter,  and  in  feveral  places 
the  wheat  was  mildewed,  which  could  not  be  by  wet  fuch  a 
year  as  this ;  but  by  this  means  wheat  became  three  times  th« 
price  of  barley,  being  50  and  52  fhillings  a  quarter,  and  bar- 
ley  16  or  17  (hilKngs.  From  the  latter  part  of  July  to  the 
beginning  of  September  il;  was  'i^ry  dry,  hot,  and  burning ; 
much  fcorching  fun,  the  jgroand  very  much  burnt  up,  and 
great  want  of  water  ;^^but  the  iSf. EI- winds,  which  came  at  this 
time  of  year  inftead  of  the  l^ri^,  were  fometimes  frefh  and 
cool.  'V 

The  beginning  of  September  the  rains  began,  and  for  above 
two  months  there  was  a  good  deal,  with  fuch  fine  and  warm 
weather,  that  there  was  good  grafs,  a  pleafant  autumn,  and 
very  few  frofty  mornings,  and  the  ground,,  which  before  was 
fo  dry,  did  not  get  much  dirty  with  it.  The  wheat  feed-time 
was  fine„  and  the  weather  mild  till  the  middle  of  November, 

whea 


3?4         ■^'''  barker's  Regijler  of  the  Weather ,  &c, 
when  a  hard  froil,  with  fnow,  made  people  think  of  a  hard 
winter ;  but  it  grew  mild  again,  was  chiefly  dark  and  cloudr, 
but.little  rain,  and  drying  a  good  deal  of  December  ;  remarka- 
bly calm,  but  near  a  week's  froft  about  Chriftmas. 

The  iickly  fealbns,  which  began  in  Auguft  1 779,  continued 
more  or  lefs  all  the  year;  and  about  the  fame  time  of  the  year 
increafed  agaia.  There  were  great  numbers  of  fevers  and  agues, 
efpecially  in  arid  near  the  fens,  which  were  very  obftinatc,  and 
did  not  yield  to  the  ufual  medicines,  but  fre(]uently  returned 
again,  and  hun^very  long  on  the  patients. 


[    35S    ] 


XXII.  Some  Calculations  of  the  Number  of  A€€i<ie?its  or  Deaths 
njoh\ch  happen  in  confequence  of  Parturition  ;  and  rf  the  Propor- 
tion of  Male  to  Fetnate  Children^  as  well  as  of  Twinsy  mon- 
^rous  ProduStions^  and  Children  that  are  dead-born  \  taken  jroni 
the  Midwifery  Reports  of  the^ tikmin^QV  General Difpenfary : 
with  an  Attempt  to  afcertain  the  Chance  of  Life  at  different 
Periods y  from  Infancy  to  Twenty-fix  Years  of  Age ;  and  like^ 
wife  the  Proportion  of  Natives  to  the  reji  of  the   Inhabitants 
of  London.     In  a  Letter  from  Robert  Biand^  M.  D.  Pbyfi^ 
ci an- Man- Midwife  to  the  Wcftniinfter  General  Difpenfary,. 
to  Samuel  Foart  Simmons,  M,  D^  F.  R.  S^ 


Read  May  lo,  178:* 


DEAR     SIR, 


THE  great  advantage  of  hofpitals  and  other  (imilar  inflitu- 
tions,  in  improving  and  difleminating  medical  know* 
ledge,  is  generally  acknowledged ;  but  there  are  other  purpofes 
they  feem  equally  calculated  to  anfwer,  which,  tliough  fubor- 
dinate  to  the  former,  may  yet  deferve  attention,  as  they  may 
throw  light  upon,  and  perhaps  finally  determine,  certain  poli- 
tical queftions,  about  which  various  opinions  are  at  prefent 
entertained.  Thus,  though  it  is  known  that  this  city  contains 
perfbns  from  various  countries,  and  that  a  very  fmall  por- 
tion of  its  inhabitants  are  natives ;  yet  the  proportion  which, 
the  latter  bear  to  the  aliens  can  at  prefent  only  be  gueffed  at. 

But 
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But  this  queftion  might  be  refolved,  with  a  tolerable  degree  of 
accuracy,  if  to  the  reglfter  of  the  names  of  the  perlbns  ad- 
mitted to  the  feveral  charities  were  added  the  places  of  their 
birth.  Again,  the  great  mortality  of  the  human  fpecics,  par- 
ticularly in  infancy,  and  the  fmall  chance  a  child  has  to  attain 
to  years  of  maturity,  have  been  calculated  from  par i(h-regifters, 
bills  of  mortality,  &c.  But  I  do  not  know,  that  an  attempt 
has  hitherto  been  made  to  afcertain  them,  by  noting  the  num- 
ber of  children  a  prpmifcuous  multitude  of  women  had  borne, 
together  with  the  number  they  had  been  able  to  prefer\'e* 

This,  however,  is  what  1  have  here  done ;  and  from  it  I 
have  attempted  to  form  a  table,  fliewing^  the  chance  of  life  at 
different  periods.  I  am  far  from  pretending  that  by  this  mode 
clear  and  certain  intelligence  will  be^  obtained ;  but  in  a  matter 
of  fuch  moment,  I  prefumc,  that  any  affiftance  will  be  accepta- 
ble. Dr.  SMELL  IE  *  has  curforily  mentioned,  for  the  encou- 
ragement of  his  pupils,  the  fmall  proportion  of  the  unnatural 
and  laborious  births  to  the  natural ;  but  he  did  not  carry  his 
views  farther,  or  point  out  the  proportionate  number  of  confe- 
quent  accidents,  which  might  occur  to  retard  or  prevent  .the 
recovery  of  the  woman,  although  this  is  not  lefs  neceflkry  to 
be  known  than  the  former.  With  a  view  to  thefe,  and  other 
ufeful  purpofes,  the  following  regifter  has  been  kept  of  the 
moft  material  circumftances  concerning  the  patients  admitted  to 
the  midwifery-department  of  the  Weftminfter  General  Difpen- 
fary,  from  its  firft  inftitution,  in  the  year  1774,  to  the  prefent 
time;  viz. 

1,  The  ages  of  the  feveral  women. 

2,  The  number  of  children  they  had  borne. 

3,  The  fexes  of  the  children, 

»  ♦ 

*  See  smellib's  Midwifiy,  8to,  p.  19;. 

7  4.  The 
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4*  The  number  of  children  they  had  been  able  to  prefervc. 
5.  The  place  or  country  where  they  and  their  hulbands  were 
born. 

And  after  the  delivery  of  the  patient  I  have  conftantly  noted, 

1 .  The  accidents  that  attended,  or  were  the  confequence$ 
of  parturition. 

2.  The  fexes  of  the  children  delivered. 

3.  The  number  of  twins  or  triplets. 

4.  The  number  of  the  children  that  were  deficient  or  mon- 
ilrous. 

5.  The  number  of  the  children  that  were  dead-born :  and, 
as  the  women  were  enjoined  to  return  their  letters  as  ibon  as 
they  were  able  to  go  abroad,  I  farther  intended  to  have  added 
the  proportion  of  the  children  who  died  nnder  four  pt  five 
weeks ;  but  many  of  the  women  neglcfting  this:  duty,  pre- 
vented my  information  under  this  head  from  being  ib  compleat 
as  I  could  have  wiflied.  Of  thofe,  however,  who  came,  or 
of  whom  certain  account  could  be  obtained,  the  number  is  i€i 
down. 

From  the  above  mentioned  regifter  the  following  tables  and 
accounts  have  been  composed ;  apd  as  the  greateft  care  and 
exadnefs  were  ufed  in  recording  the  feveral  circumftances,  the 
fame  punAuality  has  been  obferved  in  collecting  and  digefling 
them.  And  that  they  might  be  kept  as  free  from  error  as 
poffible,  tables  for  each  year  were  firft  compofed  and  com- 
pared together ;  but  finding  no  material  variation,  I  did  not 
think  it  necelTary  to  produce  them  in  that  form.  My  firfl  in« 
tention  was  to  have  given  the  tables  iimpl/,  and  without  any 
explanatory  obfervations ;  but  finding  I  could  not  -introduce  all 
the  circumflances  I  had  noted  in  my  regifter,  as  was  particu- 
lar4y  the  cafe  with  regard  to  the  firfl  table,  and  imagining  that 

Vol,  LXXI.  B  b  b  in 


358  Dr.  ^avd\  Midwifery  Reports  • 

in  fome  places  they  were  not  perfedly  intelligible,  without  fbme 
cfxplanatioQ,  as  for  inftance  in  the  table  of  the  chance  t)f  life 
at  different  periods,  I  have  ventured  to  add  fuch  occafional 
remarks  as  I  think  wilt  tend  to  illuftrate  the  fubjbfl:,. 

As  my  firft  view  was  to  find  the  proportion  of  difficult 
labours,  and  of  the  accidents  or  deaths  that  happen  in  confe- 
quence  of  child-birth,  IfhajllbegiA  with  the  following  table» 

Of  1897  women  delivered  under  the  care  of  the  Difpenfary, 
^3  or  I  in  3a  had  unnatural  labours  :  in 

18  of  thirfe,  or    i  .in    105,  the   children  prefented  by 

their  feet;  m 
36  or  i  in  52,  the  breech  prefented  j  in 
8  the  arms  prefented ;  aad  in 


the  fionis. 


■]»•' 


,«3 


%*j  women,  or  i  In  ir f ,  had  taborious  labours :  ift 

+8  of  thefe,  or  i  in  ^36,,  the  heads  of  the  children  wei^ 
I  lefiened;  in 

4  a  fingle  blade  of  a  forceps  was  v&d;:  and  m.  the 

remaining 

5  in  which  the  faces  of  the  children  were  turned  to  the 

pnbes,  the  delivery  was  at  length  aocompli&ed  by 
the  pains*^ 


%cy    17 


9o 


^  In  all  thefe  nine  cafes  the  chiMren  were  turned.. 

f  Two  of  thefe  women  ha^e  ilnce  been  delivered  of  lUI'-fized  heahlly  chifdmu 
A  third  bore  a  tery  final!  ^md  wtaklychfld,.  ^0  died  ia  two-oi:  three  di^s,    A 

foarth 
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So 
I  woman  had  convulfions  about  the  feventh  month  of  her 
pregnancy,  and  was  delivered  a  month  after  of  a  dead 
child,  and  recovered, 
I  woman  had  convulfions  during  labour ;  brought  forth  a 
live  child,  and  recovered. 
*9  women,  or  i  in  210,  had  uterine  haemorrhage  before 
and  during  labour. 
Of  thefe  I  died  undelivered ; 

I  died  a  few  hours,  and 
1  I  ten  days,  after  delivery,  and 

6  recovered. 


5  women  had  the  puerperal  fever,  of  whom  four  died.  In 
one  of  thefe  the  placenta  was  undelivered^  and  conti«* 
nued  fb  to  her  death. 

2  women  were  feized  with  mania,  but  recovered  in  about 
three  months.    In 

I  woman  a  fuppuration  took  place,  foon  after  labour,  from 
the  vagina  into  the  bladder  and  re£tum.  This  patient 
recovered,  but  the  urine*  and  ftools  continue  to  pafs 
through  the  wounds.     Of 


99 


fourth  was  delivered  of  a  feven-months  child,  without  mutilating  it,  which  died  in 
its  pafiage.     The  number  of  women,  therefore,  who  from  error  in  their  cotiforma* 
tioa  were  incapable  of  bearing  live  children  appears  to  be  veiy  inconfiderablc* 
Of  the  remaining  four  I  have  not  been  able  to  get  any  ifKelligencc. 
*  In  thefe  nine  cafes  only  one  Child  wasiaved* 

B  b  b  a  99 
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99       , 

I  woman  the  perinaeum  was  lacerated   to  the  fphlnfter 

ani.     A  future  was  attempted,  but  without  efftd ;  (he 
recovered,  but  is  troubled  with  prolapfus  uteri. 
5  had  large  and  painful  fwellings  of  the  legs  and  thighs^ 
but  recovered. 


105  therefore  of  thefe,  or  1  in  18,  had  preternatural  or  labo- 
rious births,  or  fuffered  in  conlibquence  of  labour. 
Of  this  number  of  cafes  43,  or  1  in  44,  were  attended 
with  particular  difficulty  or  danger ;  and  "j  only,  or 
I  in  270,  died.  The  remaining  62  were  delivered 
and  recovered  with  little  more  than  the  common 
afliftance;  and 
1792  had  natural  labours,  not  attended  with  any  particular 
accidents* 


1897 


Of  two  women  the  uterus  was  retroverted  in  the  third  or 
fburth  month  of  their  pregnancy ;  but  in  both  the  uterus  was 
replaced,  and  the  women  went  to  their  full  time,  and  brought 
forth  live  children. 

* 

Befidcs  the  accidents  above  enumerated,  It  feems  right  to 
obferve,  that  many  of  the  women  were  afflifled  with  fevere 
after-pams,  or  had  what  is  called  the  milk- fever ;  but  as  thcfc 
complaints  were  generally  relieved  in  three  or  four  days,  and 
did  not  feem  to  have  any  influence  in  retarding  their  recovery, 
or  to  afFed  their  future  healths,  no  notice  is  taken  of  them. 
Some  women  alfo  had  fymptoms  of  incipient  prolapfus  uteri, 
who  had  not  before  been  troubled  with  that  complaint ;  but  as 
1  I  fcldom 
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I  feldom  faw  them  above  once  or  twice,  I  cannot  give  the  re^- 
iult.  But  as  few  of  them  were  able  to  indulge  themfelves  with 
reft,  or  to  comply  with  the  rules  neceflary  for  their  cure,  it  is 
to  be  feared,  that  in  many  of  them  the  complaint  would  gra- 
dually inCreafe;  and  that  ia  a  courfe  of  years,  the  uterus 
would  mcvke  its  appearance  externally,  when,  findmg  it  an  im- 
pediment to  their  adivity,  they  would  apply  and  fubmit  to 
wear  a  pefl&ry,  or  to  fuch  palliatives  as  in  that  ftate  can  only 
be  adminiftered.  Excepting  this  accident,  and  the  fluor  albus, 
to  which  many  of  them  are  fubjedt  after  child-bearing,  but 
which,  I  thinkv  does  not  often  materially  afTe£):  their  healths 
until  late  in  life,  I  am  inclined  to  believe,  that  the  lower  fort 
of  people  recover  more  certainly  after  parturition  than  perfons 
in  higher  ftations  of  life :  at  leaft,  they  are  lefe  fubje£t  to  the 
puerperal  fever,  which  is  fo  fatal,  if  not  checked  on  its  firft 
attack ;  and  which,  if  not  caufed,  is  certainly  nouriflied,  and 
its  malignancy  increafed,  by  great  fires,  clofe  rooms,  warm 
feptlc  diet  and  coftivenefs.  But  the  apartments  of  the  poor  are 
generally  fo  crazy,  that  without  opening  doors  or  windows,  to 
which  they  are  fufficiently  averfe,  the  air  pours  in  upon  them 
from  all  fides.  Tp  this  circumftance,  added  to  their  inability 
to  keep  great  fires,  or  to  indulge  themfelves  with  animal  food,, 
and  to  the  care  that  is  taken  very  early  to  empty  their  bowels,  I 
have  been  induced  to  attribute  their  fa  generally  efcaping  this 
fatal  difeafe ;  and  by  adopting  rules  in  my  private  praftice  con^ 
fonant  to  this  idea,  I  have  the  fatlsfaftion  to  be  able  to  fay,  that 
I  have  not  feen  the  puerperal  fever  among  my  private  patients 
for  more  than  three  year*. 


TABLE 
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» 

TABLE  of  the  .proportion  of  male  to  female  children,  of  the 
number  of  twins,  and  of  the  children  that  were  deficient  or 
monftrous,  and  of  thofe  that  were  dead-born. 

1897  women  were  delivered  of  1923  children;  972  boy8 
and  95*1  girls,  or  as  46  boys  to  45  girls. 

23  of  the  women,  or  i  in  80,  were  delivered  of  twins,  16 
o^  whom  were  boys  and  30  girls. 

ft 

I  woman  was  delivered  of  3  girls. 

Of  the  twins  and  triplets,  therefore,  the  males  were  only 
half  the  number  of  the  females. 

8  of  the  children,  or  i  in  241,  were  deficient  or  monftrous. 
Of  thefe  I  was  web- fingered ; 

I  had  a  hare-lip ; 

I  had  a  dropfical  head  and  diftorted  fpine ; 
I  a  dropfical  head ; 
In  I  a  part  of  the  palate ;  • 
and  in  2  a  confiderable  portion  of  the  cranium  •  wa$ 

wanting ; 
and  I  had  two  heads  +,  fee  fig.  1 . 

8 

One 

*  One  of  thefe  lived  an  hour  after  it  was  bom. 

f  This  was  the  child  of  Elizabeth  wife  of  ■  ■«  baomfield,  Pemke-maker, 
Jees-court|  Oxford -flreet.  It  had  two  heads  and  necks,  four  hands  and  arms, 
two  fpines,  uniting  at  the  facrum,  and  terminating  in  one  pelvu,  ftom  whence, 
the  lower  extremities  proceeded  fingle :  there  was  one  navel-ftring^  and  one  male 
organ  of  generation.  Oa  opening  the  body  there  were  found,  two  thoracic  cavi- 
ties  I  the  right  more  compleat  than  the  left  t  the  heart  alfo,  and  the  lungs  on  the 
right  fide^  were  more  perfe&  than  thofc  on  the  left,  which  latter  were  very  iinall. 
3  There 
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One  woman  was  delivered  of  a  twin  *,  fee  fig.  2. 

84  of  the  children,  or  i  in  23  of  the  whole  number,  were 
-dead-born +.  Of  thefe,  49,  or  nearly  five-eighths,  were  boys, 
and  35  were  girls. 

Of  1400  women  who  returned  their  letters,  or  of  whom  a 
certain  account  could  be  obtained,  85,-  or  nearly  i  in  16,  had 

There  were  two  flomacbs,  two  fets  of  inteftines,  which,  at  length  uniting,  ter- 
minated in  one  redum  and  anus.     There   was  but  one  urinary  bladder.     The 
drawing  that  accompanies  this  will  give  a  more  juft  idea  of  its  external  figure ; 
and  Dr.  hunter,  who  diifedied  it,  will  probably  one  day  oblige  the  world  with- 
in eza&  aitatomical  defcriptlon  of  it. 

*  Of  this  fiagular  produdion,  to  which  I  have  not  ventured  to  give  a  name, 

the  following  is  the  hiftory  and  defcription.    The  woman  who  produced  it  is 

about  twenty-feven  years  of  age  ;  this  was  her  tirft  pregnancy.     She  was,  after  a 

kbour,  delivered  of  a  female  fcrtus,  and  its  placenta,  in  which  nothing  uncommon 

was  obferved;  and  although  the  uterus  remained  of  an  unufual  fize,  yet  the  pains 

not  recoounencing,  there  was  no  fafpfcion  entertained  but  that  its  bulk  wa»  occa- 

fioned  by  coagulated  blood.     On  the  third  day  the  pains  became  violent,  and  this 

monfter  was  bom^'  Its  ihape  was  fpherical,  but  fomewhat  flattened.     It  mea- 

fured  in  its  larged  diameter  eight  inches,  and  weighed  about  eighteen  ounces.    It 

received  its  nourifliment  by  an  umbilical  chord,  to  which  was  attached  a  portion 

ef  membranes,,  and  although  no  placenta  was  found,  it  is  probable  it  had  a  fmall 

one,  and  that  it  was  inclofed  in  its  own  involucrum.    It  was  completely  covered 

with  a  cuticula,  and  a  little  above  the  part,  where  the  navel-firing  terminate^,  there 

was  a  hairy  fcalp  covering  a  bony  prominence,  fomewhat  refembling  the  arch  of  the 

cranium.     On  diffedion  it  was  found  to  be  plentifully  fupplied  with  blood  veflels, 

proceeding  from  the  navel-ftring,  and  branching  through  every  part  of  it.  It  had  a 

fmall  brain  and  medulla  fpinalis  continued  into  a  bony  theca,  with  nerves  pafling 

from  thence  through  the  foramina  of  the  bones ;  but  no  refemblance  of  any 

thoracic  or  abdominal  vifcera.    The  reft  of  its  bulk  was  made  up  of  fat. 

\  By  dead-born  children  I  mean,  thofe  that  die  after  they  have  been  perceived  to 
Biove,  that  is,,  generally  after  four  months.  Abortions,  or  deaths  before  that 
period,  may  reafonably  be  eflimated  at  double  this  number ;  fo  that,  perhaps, 
z  child  in  8  dies  in  the  womb^  or  in  the  a£t  of  coming  into  the  world. 

buried 
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buried  their  children  before  the  end  of  two  months.     Of  this 
number  ^^^  or  5  in  8,  were  boys,  and  32  girls. 

This  fmgular  circumftance  of  there  being  a  greater  number 
of  males  than  females  among  the  ftill-bom  children,  and  of  a 
greater  number  of  male  children  dying  in  infiancy  than  of 
females,  has  been  remarked  by  Dr.  price  and  other  writers  on 
calculations ;  and  Dr.  haygarth  *  has  (hewn  that  at  Chefter 
more  hufbands  die  In  a  given  period  than  wives.  This  natu- 
rally fuggefts  an  enquiry,  whether  the  lives  of  males  are  at  all 
ages  more  precarious  than  thofe  of  females. 

To  be  enabled  to  aflift  in  anfwering  this  queftion,  I  have 
added  the  following  article  to  my  regifter,  vi^.  of  the  children 
that  (hall  be  living  at  the  time  the  women  apply  for  th^  letters, 
how  many  will  be  boys,  and  how  many  girls  ? 

* 

*  Obfervattons  oq  the  bills  of  mortality  in  Chefter  for  the  year  177a. 


TABIB 
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T  ABLS  of  the  ages  at  which  women  b^n  and  ceafe  to  be  capable 
of  bearing  children,  and  of  the  intermediate  periods  at 
which  they  are  moft  fb. 


Of  2102  *  pregnant  women 

Ycar$  of  age. 

+  36  or  I  in  58  were  from    -    15  to  19^  85,  or  r  in  25,  from 
49  or  I  in  43  were 
578  or  5  in  19  were  from    - 


699  nearly  i  in  3  were  from 
407  nearly  i  in  5  were  from 


20  J  15  to  20  inclufive, 
21  to  25!  1684,  or  four-fifths 
26  to  30  ►  were  from  21  to 
3 1  to  35  J   2S  inclufive. 


291  or  3  in  22  were  from    *    ^6  to  40 
36  or  I  in  58  were  from    -   41  to  45!  42,  or  i  in  50,  from 
6  or  I  in  350  were  from      46  to  49/        41  to  49.. 


2102 


*  Al though  1102  womeiv  the  number  here  mentioQed,  obtained  letten,  ea-^ 
titling  them  to  the  affiftance  of  the  midwivesi  1897  only  were  delivered  bj  them  t 
the  remainder  either  removed  out  of  the  bounds  of  the  Difpenfiiry,  or,  from  feme 
alteration  in  their  ciscumftancet,  were  obliged  to  go  to  an  ho(pital  or  workhouffw 
f  I  of  thefewomen  was  between  15  and  x6  yean  of  age. 

« 

X  between  16  and  17; 

3  between  x;  and  18; 
10  between  x8  and  19 ;  and 
IX  between  19  and  aow 

j6 
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iiLES  of  the  number  of  children  borne  by  1389  ••wwfttti, 
with  the  number  that  were  living  at  lie  time  of  Aeir 
api^ying  to  the  Difpenfary. 


I 


' 


Wamen. 


NO   of  chiI.|Toulofchii. 
dren  borne     dren  born, 
by  each  wo- 
pitn. 


I 

I 

3 

24 
»7 
16 

2 

14 

ti 

13 

14  > 

12 

IS 

II 

22 

10 

33 
56 

9 
8 

74 
89 

138 
169 

208 

7 
6 

5 

4 
3 

!<S4 

« 

299 

I 

TotA«r€]iiI-U|Ko<^«roH«Qlll#  <!f  «^4'fbtJ&^chi£ 


H 


dre^  liTing.  ||  who  had  pre- 
ferred their 


1389 

aan  570  wen  in  di«i« 

y89 


dren    piO" 

(erred    by 

eJMphw9iii^. 


■t» 


dren    pie- 


tS4'9        2224 


fli 


7 
6 

S 

4 

3 
t 


1079  I  I    2224 

and  3 10  had  loft  all  their  childr. 


i^ 


•  la  order  to  account  for  the  difference  between  the  nuinber  of  the  women  b 
thefe  and  the  preceding  tables,  it  is  proper  to  mention,  that  tbU  aecowit  was  not 
begun  until  feme  months  after  the  former  one.  In  thefe  alfo  care  hM  Imco  taken 
that  no  woman  is  reckoned  more  than  once,  although  many  of  them  had  been 
affifted  by  the  midwives  to  tht  Difpenfary  two,  three,  or  four  times.  370,  as 
noted  in  the  table,  were  in  their  firll  pregnancy. 

t  Of  thefe  5419  children  a747  were  boys,  and  3672  girls,  or  nearly  at  36  boys 
to  35  girls.  This  proportion  of  the  boys  to  the  girls  wiU  be  found  a  little  dif- 
fcrent  from  what  is  given  ia  the  table  pi.  3(9, 


I  have 


of  tkf  Woftroift{ter  Gtenerail  Difpeofary.  i^^ 

I  have  fdaficd  thi^fe  two  tables  together,  that  we  might  have 
^n  opportunity  of  obferving  how  exceedingly  fertile  the  women 
Qf  fehe  poorer  cl^il^js  in  this  country  are }  and  at  the  fame  time 
how  unable  to  re^  any  confiderable  number  of  children ;  for, 
although  3^1  of  the  women  had  borne  fix  children  and  up- 
wards each,  and  w^re^  all  again  pregnant,  19  only  of  them 
had  hitvk  able  to  i^^r  iix  or  more  children ;  and,  although  102 
o£  the  women  h^r  borne  nine  children  and  upwards  each,  only 
<Mie  of  thecn  had.  been  able  to  preferve  that  number  living. 

I  am  idcliiied  (k>  beUeve,.  that  this  great  mortality  amongfl 
th^  children  does  not.  arife  from  any  natural  imbecillity  or  a 
conftitution  vitiated  item  the  birth,,  many  of  tliofe  vi<5lim& 
being  born  with:  ^  tibe  appearances  of  health  and  vigour;  but 
thalt  We*  ought  rather  tO'  feareh  for  thecaufeof  it  in  the  poverty 
of  the  parents,  which  prevents  their  taking  the  neceflary  care 
o^  or  even  dSht^ng^  fufHcient  cloathing  and  nouriihment  to 
thdir  of&pring.  Wh^tdiec  this  ^eat  check  to  population  is  ia 
its  nature  irrevtnediable ;  and  whether  an  abatement  in  the 
pariih.  rates  and  taxea^  but  pardculacty  die  former,  to  perfoiis 
rearing  more  than  a  certain  number  of  children,  or  any  other 
mode  of  relief  and  encouragement,  would  contribute  to  reftrain 
fo  melancholy  an  evil,  are  inquiries  well  deferving  the  atten- 
tion of  government.  In  order  to  determine  how  well  my  con- 
jedlures  on  this  fubje£fc  are  founded,  it  might  be  ufeful,  per** 
haps,  to  learn  what  the  proportion  of  deaths  is  in  more 
opulent  families,  where  the  caufe  juft  now  mentioned  can 
have  but  little  influence.  But  this  muft  be  the  refult  of  the 
united  obfervations  of  different  practitioners. 

I  fhall  now  from  thefe  tables  attempt  to  coUeft  what  the 
chance  of  life  is  at  different  periods,  from  infancy  to  twenty- 
fix  years  of  age ;  but,  that  I  may  be  underflood,  it  will  be 

.  C  c  c  2  neceffary 
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necellary  to  premiie  fome  accouiit  of  the  method  I  have  fol- 
lowed. 

I  have  fuppofed  each  of  the  women  to  bear  a  child  every  two 
years ;  this,  from  the  account  of  thofe  who  returned  to  the 
Difpenfary  a  fecond,  third,  or  fourth  time,  appearing  to  be  the 
mean  term.  Upon  this  principle,  when  I  find  that  a  woman 
applied  at  the  Difpenfary  who  had  had  one  child  before,  I  con- 
clude, that  that  child  would  be  two  years  old,  if  living ;  but 
if  the  woman  had  borne  two  children,  I  fuppofe  that  the  firft 
would  be  four,  the  fecond  two  years  old,  and  fi>  on.  And 
finding,  that  of  299  children  borne  by  as  many  women,  who 
were  now  advanced  in  their  fecond  pregnancy,  171,  or  feven- 
twelfths  only  were  living,  I  conclude,  that  on  an  average  5  out 
of  1 2  die  under  two  years  of  age :  and  obferving  that  of  508 
children  borne  by  254  women,  who  were  now  advanced  in 
their  third  pregnancy,  259  only  were  living,  Ifirftdedud  210, 
which  is  five-twelfths  of  the  whole  number,  who  died  under 
two  years  of  age ;  and  then  find  that  39,  which  is  nearly  one- 
twelfth  of  the  whole  number,  or  one*feventh  of  the  furvivors^ 
died  between  two  and  &)ur  years  of  age« 
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TABLE  of  the  chance  of  life  from  infancy  to  26  years  of  age. 


A 

Pcrfons 

Decreafe  1 

Age 

living. 

of  life. 

0 

5400 

2250 

2 

3^50 

450 

i 

2700 

1 80 

• 

2520 

204 

8 

^3^3 

»S6 

18 

2160 

S40 

a6 

1620 

5  in  S2. 

6  in  12,  or  1  in  7  of  the  furvivors. 

8  in  15,  or  I  in  15  of  the  furvivors* 

4  in  7,  or  I  in  12  and  f  of  the  furvivors. 

6  in  10,  or  I  in  15  of  the  furvivors* 

7  in  10,  or  z  in  4  of  the  furvivon« 


3780  or  feven-tenths  would  die. 

1 620  or  three- tenths  would  be  living  at  the  end  of  26  years, 


5400 


Whether  this  mode  of  calculating  the  chance  of  life  will  be 
admitted  by  gentlemen  who  have  made  (peculations  of  this 
kind  their  peculiar  fludy^  I  know  not.  I  confefs,  that  when  I 
firft  thought  of  it,  I  expeded  it  would  have  proved  more  cer- 
tain and  accurate  than  upon  examination  I  have  found  it  to  be  z 
for,  although  in  the  firfl:  feries  of  years,  where  the  deaths  are 
numerous,  the  proportions  agree  tolerably  well  with  the  tables 
of  M.  BUFFON  and  others,  yet  as  we  advance  we  find  ourfelves 
obliged  to  take  longer  periods  than  two  years.  Thus,  for  in- 
fiance,  we  may  obferve,  that  although  firom  2  to  4,  from  4  to  6, 
and  from  6  to  %  years  of  age,  the  decrease  <:entinues  to  go  on  ; 
yet  fb  far  is  this  from  being  the  cafe  between  the  ages  of  8  and 
10,  or  even  12,  that  there  then  appears  to  be  fome  trifling  in- 
creafe.  But  as  the  proportion  of  deaths  from  8  to  i  o  or  12  is 
probably  inconfiderable,  a  very  fmall  deduction  from  the  deaths 
in  tlie  earlier  years  would  reftify  this  difierence.  A  deviation 
of  this  kind,  I  prefume,  might  be  occaiioned  by  the  fmall-pox. 


or 


or  fome  other  epidemic,  prevailing  amongft  children  during 
two  or  three  years  of  the  time  \  was  making  this  colle^ooi, 
which  would  occafion  the  decrease  in  the  firft  and  fecond  ieries 
to  be  greater  than  ufual.  If  this  fliould  prove  to  be  the  cafe,  it 
is  probable,  that  in  a.  courfe  of  years^  fa^  comparing  this  with 
a  variety  of  fimilar  tables,  the  true  medium  may  b(  found. 

A  COMPARATIVE  TABLE  of  the  population  of  London,  with  a 
view  to  fhe w  the  proportion  of  natives  to  peri<»is  bom  in  the 
different  counties  of  England  and  Wales^  in  Scotland,  Irr- 
land,  or  foreign  countries. 

Of  3236  married  perfbns 
824  or  one- fourth  were  bom  in  London. 

1870  or  four-fevenths  m  the  different  counties  of  England  and 

Wales. 

209  or  I  in  15  in  Scotland* 
2  Bo  or  X  in  1 1  in  Ir^eland*. 
^^  or  1  in  60  were  foreigner^ 


Of  the  above  number  die  males  and  females  WQre  in  the 

fbllowing,  proportions* 

Men.  Wameiu 

329  were  born,  hi  LiOQdon,  and   495  or  166  more  than  meiu 

952  in  different  counties  917  or  35  fewer  than  men. 

135  — —  in  Scotland,  74  or  61  fewer  than  men. 

162  — —  in  Ireland,         —  1 19  or  43  fewer  than  men. 

40          ■  were  foreigners,  13  or  27  fewer  than  men. 


1 61 8  1618     166 


Thus, 
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Thus,  of  824  married  perfbns  born  in  London,  there  were^ 
one*fifth  more  women  than  men.  This  may  be  accounted  for 
either  by  fuppofing  a  greater  number  of  males  to  die  or  to  mi- 
grate before  they  attain  a  marriageable  age  than  women.  It  is. 
alfb  to  be  obferved,  that  of  the  Scotch  and  of  the  foreigners  the 
women  are  in  proportion  to  the  men  as  about  i  to  3 ;.  but  of 
the  Irifh  they  are  as  3  to  7. 

By  this  table  we  find  at  haw  great  an  expence  to  the  coun- 
try this  city  is  maintained ;  and  as  we  may  fuppofe  that  the^ 
bulk  of  the  Scotch,  IrUh,  and  foreigners,  who  come  into  the: 
kingdom,  refide  in  the  metropolis,  we  hence  may  alfb  learn  ia 
what  proportion  they  contribute  to  repair  the  wafle  which 
is  incurred  \yf  ito  exceflive  poj)uloufhefs^  A  more  compleat 
knowledge  of  thefe  fafts  may  give  rife  to  regulations  which^ 
if  the  c^culations  of  Dr.  prigs  fhall  be  found  to  be  jufl^  are 
but  too  necefiary ;  but  I  fear  I  have  already  intruded  upon  your 
patience,  and  extended  this  paper  beyond  its  due  bounds.  I 
ihall  only  add,  that  if  thefe  inquiries  fliould  be  favourably  re« 
ceived  by  the  illufbrious  body  to  whom  you  have  fo  obligingly 
undertaken  to  prefent  them^  they  will  be  continued,  and  their 
valiie  of  courfe  increafed  by  the  additional  number  of  obje£t& 
which  «ach  year  will  fmpply*  ^ 

I  am^  &c«. 

flt.  Albai^s  Strfct, 
I4afcb26,  178  Xf 
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XXni.  Account  of  a  Child  who  bad  tb«  SmaU-pox  in  the  Womb, 
In  a  Letter  from  William  Wright,  M,  Z).  R  R,  S,  to  John 
Hunter,  Efq.  F,  R.  S, 


Read  May  21,  1781'. 

SouthamptoQ-buildiDgs^  Holborn, 
S  I  Rf  Feb.  27,  178'!. 

I  HAVE  read  with  much  pleafure  and  information  Mrs. 
FORD*s  cafe,  which  you  publiihed  in  Phil.  Tranf.  vol. 
LXX.  p.  128.  From  the  fafts  you  have  adduced  it  amounts 
to  a  certainty^  that  her  foetus  had  received  the  variolous  in- 
fe£tion  in  the  womb. 

This  induces  me  to  lay  before  you  a  lingular  cafe,  that  feH 
under  my  care  fome  years  ago.  I  am  fbrry  I  cannot  be  more 
particular,  having  unfortunately  loft  all  my  books  and  mj 
notes  of  praAice  of  this  cafe  and  fevcral  others,  by  the  capture 
of  the  convoy  on  the  9th  of  laft  Auguft. 

In  1768  the  fmall-pox  was  fo  general  in  Jamaica  that  very 
few  people  efcaped  the  contagion.  About  the  middle  of  June 
Mr.  PETERKiN,  merchant  at  Martha-brae,  in  the  parifli  of 
Trelawney,  got  about  fifty  new  negroes  out  of  a  ihip :  fbon 
after  they  landed,  feveral  were  taken  ill  of  a  fever,  and  the 
fmall-pox  appeared;  the  others  were  immediately  inoculated. 
Amongft  the  number  of  thoie  who  had  the  difeafe  in  the 
natural  way,  was  a  woman  of  about  twenty- two  years  of  age, 
^nd  big  with  child.    The  eruptive  fever  was  flight,  and  the 

fmall-pox 
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fmall-pox  had  appeared  before  I  faw  her.  They  were  few, 
dlAln^l:  and  large,  and  fhe  went  through  the  difeafe  with  very 
Jlittle  trouble,  till  on  the  fourteeirth  day  from  the  eruption  (he 
was  attacked  with  the  fever,  which  lafted  only  a  few  hours. 
She  was,  however,  the  fame  day  taken  in  labour,  and  deli- 
vered of  a  femaU  child  with  the  fmall-pox  on  her  whole  body, 
head,  and  extremities.  They  were  diftin£t  and  veiy  large, 
fiich  as  they  commonly  appear  on  the  eighth  or  ninth  day  in 
favourable  cafes.  The  child  was  fmall  and  weakly ;  fhe  could 
fuck  but  little ;  a  wet  nurfe  was  procured,  and  every  poffible 
care  taken  of  this  infant^  but  flie  died  the  third  day  after  flie 
was  bom.  The  mother  recovered,  and  is  now  the  property  of 
ALEXANDER  PETERKiN,  Efq.  in  St.  Jamcs*s  Pflrifh. 

In  the  courfe  of  many  years  practice  in  Jamaica,  I  have  re- 
marked, that  where  pregnant  women  had  been  feized  with  the 
natural  finall-pox,  or  been  by  miftake  Inoculated,  that  they 
generally  mifcarried  in  the  time  of,  or  foon  after,  the  eruptive 
fever ;  but  I  never  faw  any  ligns  of  fmall-pox  on  any  of  their 
bodies,  except  on  the  child's  above  mentioned^ 
I  am,  &c. 
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XXIV.  Natural  JJiftory  pf  the  Infe&  nshich  produtes  the  Gum 
Lacca.  By  Mr,  James  Kerr,  aj  Patua ;  communicated  by 
Sir  Jofcph  Bauks,  P,  R.  S. 


Read  M9y  «4»  1 7*  »^ 
COCCUS    LACCA. 

Head  and  THE  hejd  aod  trunk  form  one  uniform,  oval, 

trunk,  comprefled^  red  body,  of  the  (hape  and  mag^ni- 

tude  of  a  very  fmall  loufe,  conlifting  of  twelve 
tranlverfe  rings.  The  baqk  is  carinate ;  the  belly 
flat;  the  antennae  half  the  l.ei\gth  of  the  body, 
filiform,  truncated,  atid  diverging,  (ending  off 
two,  often  three,  delicate,  diverging  hairs,  longer 
than  the  antenna?.  The  mouth  and  eyes  could 
not  be  fecn  with  the  naked  eye. 

Tail.  The  tail  is  a  little  white  point,  fending  off  two 

horizontal  hairs  as  long  as  the  body. 

Feet.  It  bas  three  pair  ctf  limbs,  half  the  length  of 

the  infeft. 

I  have  often  obferved  the  birth  of  theie  infeds, 
but  never  could  {ee  any  with  wings ;  nor  couldjl 
find  9ny  diiHnition  of  feices^  nor  obfcrve  their 
connubial  rites  :  Q«:ture  and  analogy  feem  to  point 
out  a  deficiency  in  my  obfervations^  poffibly 
I  owing 


Mr.  KEltE^s  Uiftorf  ^  the  hfeSf^  &c.  ^j^ 

Owing  to  the  mlhutenefs  df  the  objeft,  and  want 
bf  proper  glaflej* 
Change.  This  infe£t  is  defcribed  in  thatilate  in  which 

it  faUiea  forth  from  the  womb  of  the  parent  in 
the  months  of  November  and  December.-   They 
traverfe  the  branches  of  the  trees  upon  which 
they  were  produced  for  fome.  time,  and  then  fix 
themielves  npoh  the  fuccul^nt  extremities  of  the 
young  branches*     By  the  middit  of  January 
they  are  til  fixed  in  their  proper  fituations,  they 
appew  as  plump  a^  before^  but  Aew  no  othef 
marics  of  lifeii    The  linibs^  antemias,  and  fetsa 
of  the-  tail  are  ao  lod<ger  to  bt  feen.    Around 
tlieir  edges  they  are  envitoned  with  a  ipifiid  fub« 
pelhicid  li(|uid^  wlttch  ibems  to  ghie  them  to  the 
branch:  it  b  the  gradual  accumulatioii  ojF  this 
liquid,  which  fbmls  a  oompkat  ceU  for  6iK:h  m* 
fe£^  attd  16  what  n  toUod  Gum  Lacca,    About 
the  middle  of  March   the  cdls  ate  completely 
formed^  and  the  inibSb  is  in  appearance  ^  oval, 
ffflooth,  red  bag,  wtthcMit  li£t,  ^luenit  the  fize  of 
a  fmall  cUchanical, mie£t^  emaa^gioated  at  the  ob* 
tufe  end,  fbU  oi  a  beautiful  red  Jti^d.     In  0£lo» 
ber  and  Novdmber  wff fioid  uhout  twtnty  or  thirty 
oval  eggs,  m  rather  ycwiig.  grub*,  within  the 
red  fluid  of  the  motlxel.     Wheii  this  ^uid  is  all 
expended,  the  young  infedls  pierce  a  hole  through 
the  back  of  their  moflie^y  and  walk  off  one  by 
!     one,  leaving  their  exuviae  behind,  which  is  that 
white  membraneous  fubftaoce  found  in  the  empty 

cells  of  the  Stick  Lac 

.D  d  d  a  Place. 
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Place.  The  iufe£ts  are  the  inhabitants  o£  four  trees. 

1.  Fiois  Religiofa,  liknjsi.    In  Hindoflaot. 
Pipul.     Banyan  Tree. 

2.  Ficus  Indica,  LiNNAK    In  Hindoftan,  Bhur. 
Banyan  Tree. 

3.  Plafo  Hortus  Malabarici.     By  the  natives^ 
Praiq. 

4*  RbanmusJtrjuba^LiNN^j.  In  Hindoilanick^ 
Beyr. 

The  infe£l&  generally  fix  themfelves  ^  clofe 
together,  and  in  foch  numbers,  that  I  imagine 
only  one  iti  ifix  can  Jbiave  room,  tacompleat  her 
cell  t  the  others  die,  aind  are  eat  up  by  various 
infers.      The  extreme    branches   appear  as  if 
they  were,  covered  with  a  red  duft,^  and  their  fap 
is  fb  much  exhaufted,  that  they^  wither  and  pro- 
.    duce  no  fruity  the  leaves  drop  off,,  or  turn  to  a 
dirty  black  colour.    Thefe  infeds  are  tranfplanted 
by  birds :    if  they  perch  upon  tbefe  branches^, 
they  muft  carry  ofF  a  number  of  the  infefts  upon 
their  feet  to  the  next  tree  they^  reft  upon.    It  is 
worth   obferving,    that    thefe    fig    trees  when 
wounded  drop  a  milky  juice-,  which  inftantly 
coagulates  into  a  vifcid  ropey  fubftance,.  which,, 
hardened  in  the  open  air,,  is  fimilar  to  the  cell  of 
the  Coccus  Lacca..    The  natives  boil  this  milk 
with  oils  into  a  bird-lime, .  which  wiU  catch  pea^^ 
cocks  or  the  largeft  birds. 

A  red  medicinal  gum  is  procured  by  incifion 
from  the  Plafo  Tree,  fb  fimilar  to  the  Gum 
I^cca  that  it  may  readily  be  takea  for  the  fame 

fubfhnce^ 


InfeSl  which  frodutes  tht  Gum  Lacea.  ^ff 

fubftance.  Hence  it  is  probable,  that  thofe  in- 
fects have  little  trouble  it\  animalizing  the  fap  of 
thefe  trees  in  the  formation  of  their  cells.  The 
Gum  Lacca  is  rarely  feen  upon  the  Rhamnus 
Jvr^uba ;  and  it  is  inferior  to  what  is  found  upon 
the  other  trees*  The  Gum  Lacca  of  tliis  coun- 
try is  principally  found  upon  the  uncultivated 
Jtoountains  on  both  fides  the  Gauges,  where  bouii* 
tiful  nature  has  produced  it  in  fuch  abundance^ 
that  was  the  confumption  ten  times  greater  the 
maiicets  might  be  fuppHed  by  this  minute  infedt. 
The  only  trouble  in  procuring  the  Lac  is  in  break- 
ing dGiwt>  the  branches,  and  carrying  them  to* 
market  The  prefent  price  in  Dacca  is  about 
twelve  (hillings  the  hundred  pounds  weight,  al- 
though it  IS  brought  from  the  diflant  country  of 
Aflam.  The  beft  Lac  is.  of •  a  deep  red  colour. 
If  it  is  pab,  and  pierced  at  top^  the  value  dtmi- 
ni(hes^.  becaufe  the  infects  have  left  their  cells, 
and  coniequently  they  can  be  of  no  uie  as«a  dye; 
or  colour,  but  probably  they  are  better  for  var* 
nifhes. 

This  infeft  and  its  celt  has  gone  under  the- 
various  names  of  Gum  Lacca,  Lack,  Loc  Tree.. 
In  Bengal,  La  ;  and  by  the  Ehglifii  it  is  diftin- 
guiflied  into  four  kinds% 

I  ft.  Stick  Lac,  which  is  the  natural  fl^te  from, 
which  all  the  others. are  formed. 

3.  Seed  Lac  is  the  cells  feparated  from  the 
fiicks^ 

3d.  Lump 


^d.  h^mj^hsiC  19  Seed  Lac  itqiiified  by  £re, 
and  formed  iato  cakes. 

4th«  Shell  lac  b  the  cells  Itcjutfied,  ftrained^ 
and  forsned  mto  thlii  tnmfpareaC  laminas  in  the 
following  manner*    Separate  the  tells  from  the 
branches^  break  them  into  Imall  pieces,  throw 
them  into  a  tub  of  water  for  one  day,  wafh  off 
the  red  water  and  dry  the  celldy  and  with  them 
fill  a  cylindrical  tube  of  cottoiir  (iloth,  two  feet 
long,  and  one  or  two  inchos  in  diameter;  tie 
both  ends,  turn  the  bag  abome  i  charcoal  fire ;  as 
the  Latf  Hqm&ffs  twift  the  h4g^  and  when  a  fuffi* 
cient  quantity  has  traiiifiiddsd   the  pores  of   the 
cloth^  hy  it  njrtn  a  finboth  /unk  of  the  Plan-  . 
tain  tree  (Mufa  Paradiiiaca^  loifNJSi),  and  with 
a  firip  of  th^  Hantaaiai  Jeaf  draw  it  into  a  thin 
lamella  ;  take  it  ctSf  while  flfixihl^^  for  in  a  mi* 
nute  it  will  be  hard  and  brittle*    The  value  of 
Shell  Lac  is  ateobnling  13&  it^  traafpafency. 
Ufe  to  the         This  is  one  of  the  a^  ufeful  infers  yet 
iTdtive^  difcovered. 

Ornaments  The  natives  coufume  a  great  ^mntity  of  Shell 
for  the  la*  Lac  in  tnaking  omamemtal  rings,  painted  and 
die8«  gilckd  in  vanou'a.  tafles,.  to  decorate  the  arms  of 

the  ladies ;  and'  it  is  fbrined  iixto  beads,  fpiral 
and  linked  chains  foe  neckdac^s^  and  other  female 
ornaments* 
Sealing  wax*       Take  a  fiick,  and  heat  one  end:  of  it  upon  a 

charcoal  fire ;  put  upon  it  a  few  leaves  of  the 
Shell  Lac  foftened  above  the  fire;  keep  alter- 
nately  heating  and  adding  more  Shell  Lac,  until 

you 


I  _ 

InfeSi  wbtcb  produces  the  Gum  Lace  a.  ^y^ 

you  have  got  a  mafs  of  three  or  four  pounds  of 
liquified  Shell  Lac  upon  the  end  of  your  flick  ♦. 
Knead  this  upon  a  wetted  board  with  three 
ounces  of  levigated  cinnabar,  form  it  into  cylin-^ 
drical  pieces;  and,  to  give  them  a  polilh,  rub 
them  while  hot  with  a  cotton  cloth* 

Japanning.         Take  a  lymp  of  Shell  Lac,  prepared  in  the 

manner  of  fealing-w^x,  with  wluitever  colour 
you  pleafe,  fix  it  upon  the  ena  of  a  flick,  heat 
the  poliihed  wood  over  a  charcoal  fire,  and  rub  it 
over  with  the  half-oielted  Lac,  and  polifh,  by 
rubbing  it  even  with  a  piece  of  folded  Plantain 
Jeaf  held  in  the  hand ;  heating  the  lacquer,  and 
adding  more  Lac  as  occafiou  requires.  Their 
jfigures.^re  formed  by  Lac,  charged  with  various 
colours  w  the  fame  manner. 

V^tniiih.  In  ornamenting  their  images    and   religious 

Jboufes,  8cc.  they  make  Aife  of  very  thin  beat  lead, 
which  they  cover  witii  various  varnifhes,  made  of 
X^ac  charged  with  colours.  The  preparation  of 
(hem.  is  Kept  a  fecret.  The  leaf  of  lead  is  laid 
vpon  a  fmooth  iro)^  heated  by  fire  below,  while 
they  fpread  the  varnifii  upon  it. 

OxindflciMS*       Take  of  river  {^nd  three  parts,  of  Seed  Lac 

waihed  <^e  part,  mix  them  over  the  fire  in  a  pot, 
and  form  the  mafs  into  the  fhape  of  a  grind- 
done,  hsviog  a  fquare  hole  in  the  center,  fix  it 
on  an  9xb  with  liquiHed  Lac,  heat  the  flone 
moderately,  and  by  turning  the  axis  it  may  eafily 
be  'fbrmod  into  an  Qxa£t  orbicular  fhapc.     Polifh- 

*  la^hb-flMBHeril^liBp  Lac  is  foraoed  fnua  Seed  Lac. 
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ing  grindflones  are  made  only  of  fuch  fand  as  wUl 
pafs  eafily  through  fine  muflin,  in  the  proportion 
of  two  parts  fand  to  6ne  of  Lac.  This  fand  is 
found  at  RagimauU  It  is  compofed  of  fmall  an- 
gular cryftalline  particles,  titiged  red  with  iron, 
two  parts  to  one  of  black  magnetic  fand. 

The  ftone-cuttersi    inftead  of  fand,   «fe  the 
powder  of  a  very  hard  granite  called  Corune, 

Thefe  grindftones  cut  very  faft»  When  they 
want  to  increafe  their  power  they  throw  fand 
upon  them,  or  let  them  occafionally  touch  the 
edge  of  a  vitrified  brick.  The  fanfc  compofition 
is  formed  upon  flicks,  for  cutting  flones,  fhells^ 
&c.  by  the  hand. 
Painting.  Take  one  gallon  of  the  red  liquid  from  the  firfl 

waihingfor  Shell  Lac,  flrainit  through  a  cloth, 
and  let  it  boil  for  a  fhort  time,  then  add  half  an 
ounce  of  foap  earth  (fodil  alkali) ;  boil  an  hour 
more,  and  add  three  ounces  of  po(wdered  load 
(bark  of  a  tree) ;  boil  a  fhort  time,  let  it  fbnd 
all  night,  and  flrain  next  day.  Evaporate  three 
quarts  of  milk^  without  cream,  to'  two  quarts, 
upon  a  flow  fire,  curdle  it  with  four  milk,  and 
let  it  fland  for  a  day  or  two ;  then  mix  it  with 
the  red  liquid  abovfe  mentioned;  flrain  them 
through  a  cloth,  add  to  the  mixture  one  ounce 
and  an  half  of  alluiti,  and  the  juice  of  eight  or 
ten  lemons :  mix  the  whole,  arid  throw  it  into  a 
cloth-bag  flrainer.  The  blood  of  the  infe£t  forms 
a  coagulum  with  the  cafeous  part  of  the  milk, 
and  remains  in  the  bag,:  while  a  limpid  acid 

water 
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water  drains  from  it.  The  coagulum  is  dried  in 
the  (hade,  and  is  ufed  as  a  red  colour  in  painting 
and  colouring. 

D/ii\g.  Take  one  gallon  of  the  red  liquid  prepared  as 

before  without  milk,  to  which  add  three  ounces  of 
allum*  Boil  three  or  four  ounces  of  tamarinds 
in  a  gallon  of  water,  and  ftrain  the  liquor.  .  Mix 
equal  parts  of  the  red  liquid  and  tamarind  wates 
over  a  briik  fire.  In  this  mixture  dip  and  wring 
the  filk  alternately  until  it  has  received  a  proper 
quantity  of  the  dye.  To  increafe  the  colour,  in- 
creaft^^  theiproperi&onNidf.the  red  liquid,  and  let 
the  silk  Jboil  a  few  minu^s  in  the  ixixture.  To 
makb.th|i  (ilk  hol4jthecoloury  they  bqil  a  handful 
of  tn0  bark  .called.  Los^d  in  water,  ftrain.the  de- 
€o£tion,;an.d>  add*  cold  water  to  it;  dip  the  dried 
iilk  into  this  liquor  fev^ral  times,  and  then  dry- 
it.  Cotton  cloths  are  dyed  in  this  manner ;  but 
the  dye  is  not  fb  lafting  as  in  filk. 

'Spaniih  wool.     The  JLac  colour  is  preferved  by  the  natives 

upon  flakes  of  cotton  dipped  repeatedly  into  t 
flrong  folution  of  the  Lac  Infect  in  water^  and 
then  dried. 

Uie  to  the  Eurdpeans.      See  European  authors* 
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Explanation  of  the  figures.^ 
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atural  fizc. 


0.Tbe  Cqqcus  LaCca  at  its  birth, 
i^DktOi^  big  with  young,    . 

y  l^he  embrio  before  birth  inclofed  in  its  membrane, 
I  iThe  Goccus,  with  two  hairs  from  «ach  antenna 
t  I>itto,  with  three  hairs  from  each  anteftna,'  « .       j 
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KKy.^Jfccount  of  a  Phenomenon    obfenoed  upoft^ihe  Jjlapd  of 
Sumatra,     By  WUliam  Marfden,  £y&. :  communicated  h  S^r 
Leph  Banks,  P.R.S. 
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DURING  my  rcfidehce  on  the  ifland  of '^(ijSiatra  in  the 
'  Eaft  Indies,  I  had  occafion  to  obferve  a  phisnomenon  fin-* 
gular,  I  believe,  iu  its  kind,  an  account  of  tvhicti  may  not  per-' 
haps  benriinterefting  to  thecurioiis.        •  ■ 

In  the  year  1775  the  S.E.  or  dry  monfbon,  fet  in  about  the 
middle  of  June,  and  continued  with  very  little  intermiflkHi  till 
the  nionth  of  Marph  in  the  following  year.  So  long  and 
feverc  a*  drought  had  not  been  expferi^ftced  theft  in  the  niemory 
the  oldeft  man.  The  verdure  of  the  ground  wa^  burnt  up,  the 
trees  were  dripped  of  their  leaves,  th^-fpringsof  water  faikdv 
and  the  earth  every  where  gaped  in  fiffured.  For  foA^  time  a 
copious  dew  falling  in  the  night  fupplied  the  deficiency  of  rain  I 
but  this  did  not  laft  long :  yet  a  thick  f6gy  which  tendered  the 
neighbouring  hills  invifible  for  ^rtonths  together,  and  nearly 
obfcured  the  fun,  never  ceafed  to  hang  over  tlie  land,  and  add 
a  gloom  to  the  profped  already  but  too  melancholy.  The 
European*  on  the  coaft  fuffered  extremely  by  fickriefs ;  about  a' 
fourth  patt  of  the  whole  number  being  carried  off  .by  fevers 

E  e  e  a  and 
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alid  other  bilious  diftempers,  the  deprefCon  of  fpirits  whieh^ 
they  laboured  under  not  a  little  contributing  to  haflea  the  fatat 
6fFe6ls»    The  natives  alfb  died  in  great  numbers. 

In  the  month  of  November  1775,  the  dry  feafba  having 
then  exceeded  its  ufual  period,  and  the  S.E.  winds  continuing 
with  unremitting  violenee,  the  fea  was  obferved  to  be  covered^ 
to  the  diftance  of  a  mile^ .  and  in  fonie  places  a  league  from 
fiiore,  with  Jijh  floating  on  the  furface.     Great  quantities  of 
them  were  at  the  fame  time  driven  on  the  beach  or  left  there- 
by the  tide,  fbme  quite  alive,  others  dymg,  but  the  greateft  part 
quite  dead.  The  filh  thus  found  were  not  of  one  but  various  fpe- 
cies,  bothkrge  and  fmall,  flat  and  round,  the  Cat-fi(h  and  Mullet 
being  generally  the  moft  prevalent.  The  numbers  were  prodigi- 
ous, and  overfpread  the  ihore  to  the  extent  of  fome  degrees ;  of 
this  I  had  ocular  proof  or  certain  information,  and  probably  they 
extended  a  confiderable  way  farther  than  I  had  opportunity  of 
making  enquiry.     Their  firft  appearance   was  fudden ;    but 
though  the  numbers  diminifhed,  they  continued  to  be  thrown 
up,  in  fome  parts  of  the  coaft,  for  at  leaft  a  month,  fumiihing 
the  inhabitants  with  food,  which,  though  attendefd  with  no 
immediate  ill  confequence,  probably  contributed  to  the  un- 
healthinefs  fo  feverely  felt.     No  alteration  in  the  weather  had 
been  remarked  for  many  days  previous  to  their  appearance* 
The  thermometer  flood  asr  ufual  at  the  time  of  year  at  about 
85^ 

Various  wer^  the  coiyeftures^  formed  as  to  the  caufe  of  this 
extraordinary  phenomenon,  and  almoft  as  various  and  contra-* 
diftory  were  tiie  eonfequentes  deduced  by  the  natives  from  ani 
omen  fo  portentous;  fome  inferring  the  continuance,  and 
others,  with  equal  plaufibility,  a  relief  from  the  drought. 
With  refpe^l  to  the  caufe,  L  muft  confefs  myfelf  much  at  a 

7  1^^^ 
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fofs  to  account  for  it  fatisfaftorily.  If  I  might  Hazard  a  con- 
jcflure,  and  it  is  not  oi!ered  as  any  thing  more,  I  would  fup- 
pofe,  that  the  Tea  requires  the  mixture  of  a  due  proportion  of 
freih  water  to  temper  its  faline  quality,  and  enable  certain  fpe- 
cies  of  fifli  to  fubfift  in  it.  Of  this  falubrious  correftion  it  was 
deprived  for  .an  unufual  fpace  of  time,  not  only  by  the  want  of 
rain,  but  by  the  ceafing  of  many  rivers  to  flow  into  it,  whofe 
fources  were  dried  up.  I  rode  acrofs  the  mouths  of  feveral  per- 
fcftly  dry,  which  I  bad  often  before  paffed  in  boats.  The  fifti 
no  longer  experiencing  this  refrelhment,  necefiary  as  it  would 
&em  to  their  exigence,,  fickened  and  perifhed  as  in  a  corrupted 
element. 

If  any  thing  fimilar  to  what  I  have  above  defcribed  has  been 
noticed  iii  other  parts  of  the  world,  I  Ihould  be  happy  by  a 
comparifon  of  the  attendant- circumftances,  to  inveftigate  and' 
afcertain  the  true  caufes  of  fo  extraordinary  an  effect.  In  com--  • 
municating  to  you  the  obfervations  I  have  made,  I  purfue  the- 
moA  likely  means  of  obtaining  this  fatis^£tion. 

I.  have  (he  honour  to  be,  &c. 
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XXVI.  Farther  Experiments  on  ColS^  ma.d^  at  the  Maciarlanc 

»  1**1  »     _  '  '  •  •     _  *     ■ 

Obfervatory  belonging  to  Gl^fgow  College.     In  a  Letter  ,from 
'  *  Patrick  Wilfon,  M.  A.  to  //&^  i^^v/NeviTMaikdyne,  JD.  D. 
F.  RiS.  and  jijlrononier  Royal.  \  '    . 
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.      DEAR     SIR,  .    .      ;  .,...;  .    .,  "^"iT,?^ 

SOME  days  of  very  cold  weather,  %K?^ich  we  had  lately  in 
this  conntry,  having  afforded  ah  opportunity  of  profecuting 
ia  little  farther  the  experiments  and  obfervations  begun  in  the 
courfe  of  laft  year,  I  ivyk  do  myielf  the  pleafnre  of  communi- 
cating to  you  the  following  particulars,  which  perhaps  may  be 
confidered  as  not  unworthy  of  notice. 

Thefroft  fet  in  on  Sunday  the  21ft  of  January,  after  a  con- 
fiderable  fall  of  fnow  on  the  preceding  evening,  and  about  mid- 
night the  thermometers  were  expofed  near  to  the  Obfervatory 
in  the  iituations  mentipnedin  my  former:  liptter.  The  follow- 
ing regifter  (hews  the  "^cjifl^rence  of  tcin^tYzXxxTt  between  the 
fiiow  and  the  air,  till  eight  o'cloCHtoii'  J^onday  morning,  to 
which  are  fubjoined  fome  fefts  whjtSl.jlr^e  very  conlbnant  to 
thofe  defcribed  in  the  former  paper*       *'  '^ 

The  fign  -  prefixed  denotes  degrees  below  o.     The  fign  + 

degrees  above  o  of  Fahrenheit's  thermometer. 

Monday 
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rKrom  one  o'clock,  till  three  in  the  morning  the  thermometer 
in  air  at  the  baluftrade  of  the  eaft  wing  of  the  Obfervatory 
pbirfted^^  froffi  i-  4/  to»  +^/^  aft<t  dm'  •  thjs  iliow  th0#4  ft»«^  -  ^'  to 
o.  At'Uaif  dH  lM>\ir  ttfter oixe  the themiom^tepifi^^aPitf*, •  tWeA«yv'< 
four  feet  from  the^^MiMldv  ia&d^t<>  i}Miwkdbia#dy(i*t]|)(^licii%^^^ 
pointed  to  +  7,  and  at  eight  o'cloclc  to  +1.  At  three  o'clock 
the  fnow  in  the  park,  three  inches  below  the  furfece,  raifed  the 
thermometer  to  +14,  and  at  fix  inches  below,  near  the  ground, 
to  +  24.  The  barometer  flood  at  29,8  inches,  and  there  was  a 
perceptible  motion  of  the  air  from  the  eaft  and  one  point  fouth. 
This  night  was  a  very  general  and  lively  aurora  borealis,  moft 

part 
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part  of  it  of  a  bright  red,  which  formed  a  crown  near  to  the  ze- 
nith ;  but  it  moftly  vanifhed  about  three  o*e!ock»  after  which 
time  the  air  became  more  ftill.  During  the  whole  of  this  night, 
as  well  as  of  the  fucoeeding  times  of  obferving,  the  air  was  not 
nearly  fo  much  difpofed  to  give  out  hoar«froil  as  it  was  lad  year. 

On  Monday  evening  the  difference  of  temperature  was  found 
to  be  as  in  the  following  regifler. 

Monday  evening, 

Tfacrm.    Therm, 
h.  m.  in  air.    io  fnow* 

8  — •  —  —  —  +16         +7 

8  30  —  —  —  —  H-14        +3 

9  —  —  ~  _  +  8        +1 

9  30  —  -—  —  —  1^  T        ^i 

10—  —  —  —  +7+J 

JO  30  —  —  —  —  +6+0 

1 1        Ball  6f  therai.  |  an  inch  above  the  forrace  of  the  (how9+  5        +} 
ia       Ditto,  —  —  —  —  +  S        +3 

Tuefday  morning. 

I        Bail^of  thernu  as  formerly  half  ifflmerfed  m  the  fnbw,    4-6        4-3 
a  —  —  —  .^8+5 

a  jb  •  —  -*  w-  -1^  -f  xo        4-6 

No  aurora  this  evenmg.;  the  air  very  ftill  and  ferene  till 
about  two  oMock  Tuefday  morning,  when  the  wind  nit  re« 
^narkablyi  and  clouds  formed  in  the  north*»eaft. 
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On  Thurfday,  January  25,  th^  difference  of  temperature 
was  found  to  be  as  here  fet  down. 

Thurfday  morning. 


Thermometer 

Thermometer 

b»      rn» 

in  air. 

in  fnow. 

9   45 

+  10 

- 

+  3 

10 

+  10 

- 

+  3 

10  30 

+  14 

- 

+   4 

11 

+  14 

- 

+   8 

II   30 

+  17 

- 

+   9 

12 

+  2Q 

- 

+  12 

'i  2  30 

+  22 

- 

+  20 

I  afternoon. 

+  25 

- 

+  26 

I     30 

+  27 

- 

+  27 

From  ten  till  eleven  o'clock  this  forenoon  the  thermometer 
on  the  baluftrade  in  air,  fix  inches  above  the  fnow,  pointed  to 
+  14,  and  when  tried  upon  the  fnow  to  +10.  About  noon 
this  day  fbme  clou.ds  were  formed,  which  became  quite  general 
by  one  o'clock. 

During  the  two  laft  times  of  obferving,  three  experiments 
were  made  with  a  view  of  difcovering  whether  the  fnow  with- 
out doors  was  gaining  any  thing  from  the  air ;  or  if  any  of  it 
was  carried  off  in  tlie  way  of  evaporation  ?  For  this  purpofc, 
a  (hallow  di(h,  made  of  (heet  brafs,  four  inches  in  diameter, 
was  exadly  filled  with  fnow,  and  carefully  weighed.  In  order 
to  defend  the  outfide  of  the  diih  from  the  air,  that  no  hoar- 
froft  might  attach  itfelf  to  the  metal,  a  circular  hole  was  cut 
in  the  lid  of  a  paile^board  box,  fb  wide  as  juft  to  let  in  the  difh 
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to  the  very  brim,  fo  that  nothing  communicated  with  the  ex- 
ternal air  but  the  fnow  itfelf.  The  apparatus,  hi  this  ftate,  was. 
fet  without  doors  for  three  hours  each  time,  and  then  brought 
in  to  the  lobby  of  the  Obfervatory,  where  the  difli  was  again 
weighed :  but  in  none  of  thefe  trials  did  it  ever  app6ar,  that 
any  "weight  was  loft.  On  the  contrary,  at  the  firft  weighing, 
which  was  on  Monday  night,  twelve  o'clock,  it  had  gained 
five  grains.  In  the  other  two  trials  the  increafe  of  weight  was 
fcarce  perceivable. 

The  temperature  of  the  air  in  the  weft  room  of  the  Obferra- 
tory  remahiing  very  conftantly  for  near  t;«rodays  at  +27%  a 
difti  of  fnow,  fimilar  to  the  other  expofed  there,  was  found  to 
lofe  weight  very  fenfibly,  and  for  the  moft  part  at  the  rate  o€ 
two  grains  in  an  hour*  Notwithftanding  this,  the  fiiow 
thus  wafting  or  evaporating  had  no  power  of  linking  the  ther- 
mometer below  +27,  the  temperature  of  the  furrounding  air; 
though  at  one  time  it  was  fanned  for  four  minutes  by  a  piece  of 
paper  faftened  to  the  end  of  a  long  ftick.  Not  to  difturb  the 
uniform  temperature  of  this  roOm  during  thefe  experimcnts,. 
care  was  taken  to  ftay  in  it  a  very  fliort  time  at  every  .vifit,  and^ 
to  keep  the  door  and  the  window- ftiutters  clofe. 

On  Chriftmas-day  we  had  a  froft,  which  in  the  morning- 
made  the  thermometer  in  air  poiat  to  +21;  and  during  the 
preceding  night  there  had  been  a  profufe  depofition  of  hoar-- 
frofl:.  A  pound  of  this  was  collefted,  and  its  capacity  for 
heat  compared  to  that  of  ice,  and  found  equal  a^  nearly  as 
G0UI4  be  judged*  Before  making  the  two  mixtures  neceflary 
for  this  experiment,  the  ice  was  reduced  to  a  powder,  and' 
fpread  out  on  a  paper  befide  the  hoar-froft  till  both  had  acquiredx 
the  fame  temperature. 

Oa 
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On  Monday  night,  January  22,  about  twelve  o'clock,  hav 
mg  occafion  to  take  up  a  little  fnow,  there  was  obferved  a  cohe- 
Jion  among  its  parts  rather  greater  than  what  might  have  been 
expefted  in  a  fubftance,  at  that  time,  fo  much  frozen*  This 
-circumftance  was  farther  examined  by  the  following  experi- 
ment. A  pane  of  glafs  was  laid  on  the  furface  of  the  fiiow 
till  it  had  acquired  the  temperature  of  +3,  after  which,  with 
a  bit  of  parchment  equally  cold,  fome  fnow  was  fcraped  from 
the  very  furface,  and  (haken  all  over  the  pane,  fo  as  to  cover  it 
in  moft  parts  lightly.  Upon  now  lifting  the  pane,  and  holding 
it  with  the  fnow  undermoft,  the  whole  of  it  adhered,  and  it 
required  fome  fmart  raps  before  the  greater  part  fell  away. 
What  remained  cleaved  to  the  glafs  v^rith  ftill  a  greater  adhefion. 

The  experiments  related  above  afford  further  reafons  againft 
the  opinion  of  the  difference  of  temperature  betwixt  the  fnow 
or  hoar-froft  and  the  air  depending  upon  evaporation.  It  would 
moreover  appear,  that  this  phenomenon  depends  not  either  upon 
the  depofition  of  hoar-froft.  What  renders  this  the  more 
probable  is,  th^t  on  laft  year  there  was  a  much  more  copious 
depofiCion  at  times  when  the  diff^erence  of  temperature  was  not 
more  remarkable.  But  allowing  that  a  depofition  had  been 
found  a  neceffary  circumftance,  .  and  always  in  proportion 
to  that  difference,  the  experiments  on  the  capacities  of  hoar- 
froft  and  ice  feem  to  (hew,  that  the  fenfible  heat  which  difap- 
pears  enters  not  into  the  compofition  of  the  hoar-froft ;  other- 
wife  the  capacity  of  this  fubftance  for  heat,  compared  to  that 
of  ice  or  common  fnow,  fhould  be  very  diflferent.  It  muft  be 
confefled,  however,  that  the  above  mentioned  experiment  would 
have  been  more  applicable  to  this  reafoning,  had  it  been  made 
with  hoar-froft  given  out  in  colder  ftatcs  of  the  air* 
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If  the  air,  at  low  temperatures,  had  any  power  of  afting 
upon  the  fnow  or  hoar-froft,  fo  as  to  produce  a  gradual  jnelt- 
ing,  this  circumftance,  according  to  the  known  laws  of  heat, 
might  occafion  the  difference  of  temperature  under  confide- 
ration.     And  what  renders  this  idea  not  altogether  improbable, 
is  the  peculiar  cohefion  among  the  parts  of  the  fnow  above  de- 
fcribed.     Perhaps  a  gentle  melting  might  take  place  without 
much  altering  the  appearance  of  the  fnow  or  hoar-froft  at  the 
furface,    as  the  parts,    when   difTolved,    might   be  gradually- 
fucked  downwards,  and  be  afterwards  diflributed  through  the 
whole  drier  mafs.     It  may  alfo  be  worthy  of  an  experimeutal 
inquiry  to  determine,    how  far  that  fort   of  concretion,  ob- 
fervable  all  over  the  furface  of  fnow  which  has  been  long  fro- 
zen, bejirs  any  marks  of  a  flow  procefs  of  this  kind.     Frona  a 
hill,  a  little  way  to  the  N.E.  of  the  town,  and  which  was  to 
windward  during  the  frofl,  there  were  gathered  two  portions  of 
fnow,  the  one  from  the  furface,  and  the  other  {tvcn  inches 
below  it.     The  water  produced  from  the  two  kinds  is  preferved 
in  very  clean  phials,  in  order  to  be  compared  together  by  Ibme 
chemical  trials,  which,  perhaps,  may  throw  fome  light  upon 
the  whole  of  this  matter. 

At  prefent  I  fhall  conclude  this  letter,  perhaps  already  much 
too  long,  with  juft  mentioning  one  other  faft  which  was  new 
to  me ;  namely,  the  power  of  ardent  fpirits  of  difJblving  fnow, 
and  confequently  of  producing  with  it  a  freezing  mixture. 
The  alcohol  and  fnow  feparately  were  at  eight  degrees  below  the 
freezing  point,  and  when  mixed  fuddenly  and  intimately,  the 
temperature  became  in  the  fpace  of  twenty  feconds  28°  below 
o.  This  is  a  cold  only  12°  fhort  of  that  which  Fahrenheit 
^rfl  produced  by  ufuig  fpirit  of  nitre  for  tlie  experiment ;  and 

it 
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It  IS  not  improbabk,  had  the  prefent  expcrimetxt  been  tried 
with  more  precaiition  and  addrefs,  that  the  refult  would  have 
been  ftill  more  remarkable.  There  was  employed  only  about  a 
pint  of  alcohol,  but  the  proportion  of  fnow  was  not  then 
attended  to,  and  the  thaw  coming  foon  afterwards  prevented- 
a  repetition  of  the  experiment. 

> 

lam,  &c. 
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r  beg  leave  to  add,  that  the  water  mentioned  as  produced 
from  the  fuperficial  fnow  has  been  examined  by  feveral  chy- 
mical  trials^  with  a  view  of  difcovering  if  it  differed  in  any 
refpe£t  from  the  water   obtained    from    fnow    gathered    at 
confiderable     depths,    and    near    the     groundi       Had    the 
atmoiphere,   when  the   thermometers   pointed   fo  low,  been 
dilpofed  to  fumifli  any  faline  principle,  the  union  of  fuch  an 
ingredient  with  the  fnow  would  have  tended  to  produce  an- 
cxcefs  of  cold  at  the  furface,  fimilar  to .  what  was  then  ob- 
ferved.    Or  if  the  fnow  at  thefe  low  temperatures  had  acquired ' 
any  remarkable  power  of  dfephlogifticating  the  air  in  contaft 
with  it,  a  cooling  procefs  at  and  near  the  confines  of  the  fnow 
and  air  might  thereby  have  been  maintained.     In  either  of 
thefe  cafes,  fome  very  fenfiWe  indications  of  a  faline  or  of  a . 
phlogiftic  principle  might  be  expefted  on  the  water  given  by 

the 


'394  ^^*  Wilson's _/drM^r  Exper'mmts  on  Cold, 

-the  fnow  coUea^d  from  the  furfece.  But  in  oppofition  to  bot*h 
thefe  views  it  remains  now  to  be  mentioned,  that  nothing  of 
■this  kind  did  appear  in  the  courfe  of  the  experiments,  which 
indeed  were  eontrived  chiefly  todetedt  fuch  circmnftances. 

If  thoreforc  the  arguments  produced  in  both  papers  upon, 
this  fubjedt  will  not  allow  us  to  account  for  ib  remarkable  a 
cooling  procefs  by  an  evaporation  at  the  furface  of  the  fnow, 
it  would  appear,  that  there  remains  flill  fomething  unknown 
with  refpefl:  to  the  caufe.  A  proper  inveftigation  of  this  mat- 
ter, in  climates  favourable  to  fuch  experiments,  may  poffibly 
^unfold  fome  ^ther  properties  of  heat  ,with  which  at  prelent 
we  may  be  wholly  unacquainted. 
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XXVII.  A  generalTheory  for  the  Menfuration  of  the  Angle  fub-^ 
tended  by  Two  Objects ^  of  which  One  is  obferoed  by  Rays  after 
Two  RefleSiions  from  plane  Surfaces y .  and  the  other  by  Rays . 
coming  direSlly  to  the  SpeBator^s  Eye.     By  George  Atwood;, 
M..A.F.R.S., 


Read  June  21,  i^%u 


THE  adual  determination  of  an  angle  implies  two  obfer*- 
vationSy  one  taken  at  each  extremity  of  the  arc  hy- 
which  that  angle  is  meafured.  When  fixed  aftronomical  qua-  - 
drants  or  other  fcAors  -  are  ufed  for  the  praftical  eftimation  of. 
angles,  one  of  thefe.obfervations  is  previoufly  made  by  dired*^- 
ing  the  axis  of  the  telefcope  or  line  of  collimation  to  fome  fixed  i 
point  in  the  heavens,  the  index  being  then  coincident  with  the : 
initial  point  on  the  arc  of  the  fe£lor :  after  this  adjuftment: 
one  obfervation  only  is  Jiiecef&ry   to!  alcertam.  the   angular r 
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diftance  between  that  point  and  any  other  celeftial  obje£l  hi  the 
plane  of  the  feftor.  This  ipethod,  however,  is  evidently 
imprafticable,  unlefs  the  inftrument  can  be  fteadily  fixed ;  for 
which  reafon  aftronomical  quadrants  become  ufelefs  at  fea ;  and 
from  the  difficulties  which  attend  placing  them  in  their  di/e  pofi- 
tion  and  adjuftment  on  firm  ground,  they  are  almoft  wholly 
confined  to  regular  oblervatories.  ^ 

Mr.  HADLEY  *,  by  an  ingenious  application  of  optical  prin- 
ciples, contrived  to  bring  both  extremities  of  the  arc  meafured 
into  the. field  of  the  fpedators's  view  at  the  fame  time;  by 
which  improvement,  angles  are  taken  at  fea,  as  well  as  on  land 
with  an  unfixed  inftrument,  to  a  degree  of  accuracy  fufficient 
for  nautical  and  other  purpofes,  when  the  utmofl  exaftnefs  is 
not  required. 

Mr.  hadley's  invention  is  a  particular  cafe  of  a  very 
cxtenfive  theory,  as  yet  but  little  attended  to.  According  to 
his  method,  which  is  well  known,  the  two  reflefting  furfaces 
ufed  in  the  obfervation  are  perpendicular  to  the  plane  of  mo- 
tion ;  the  direftion  of  the  telefcope,  and  of  the  rays  paffing 
between  the  reflectors  being  parallel  to  that  plane ;  whereas  the 
inclination  of  the  telefcope,  and  of  the  intermediate  rays,  as 
well  as  of  the  refledlors  thenifelves  to  the  plane  of  motion, 
admits  of  unlimited  variety.  A  general  theory  to  determine 
the  angle  obferved  by  two  refieftions  from  the  data  on  which 
its  magnitude  depends,  without  limitation  or  reftriftioni  feems 
applicable  to  feveral  ufeful  purpofes  in  practical  aflronomy.  Hav- 
ing never  feen  any  geometrical  conftrudion  or  analyfis  of  this 
curious  problem,  I  was  induced  to  beflow  fome  coniideration 

-*  Phil.  Tranf.  N**  420.    Sec  alfo  a  traft,  intituled,  TheTheojyof  hadlet's 
^ludrant,  by  the  rev.  w.  ludlam. 
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on  the  fubjeft,  and  (hall  be  happy  if  the  refuk  of.  my  in- 
quiries appears  to  merit  the  attention  of  the  Royal  Society, 

Art.  I .  ,The  nianner  of  taking  an  obfervation  by  two  re* 
fleftions  unconfined  to  any  particular  cafe  may  be  defcribed 
tljus.  .  ll^t  C,  B  (fig-  I.)  reprefent  two  plane  refleding  furfeces, 
inclined  to  a  plane  OPA  at  any  given  angle.  Through  any 
point  of  the  reflefting  furface  C  draw  a  line  perpendicular  to 
the  plane  OPA,  and  with  the  point  where  the  line  meets  the 
plane  as  a  centre  (which  muft  here  be  reprefented  by  C)  and 
any  dift^nce  CP,  defcribe  a  circle  OPA.  The  reflecting  plane  B 
always  continuing  fixed,  let  the  refle£tpr.  C  be  moveable  along 
with  the  radius  CP  as  it  revolves  in  the  plane  OPA  round  the 
centre  C:  the  angular  motion  o£  the  fpeculum  C,  referre4 
to  the  circumference  OPA,  will  be  meafured  by  the  arc  whiclj 
the  radius  CP  defcribes,  the  inclination  of  the  plane  C  to  the 
plane  of  motion  OPA  being  always  the  fame,  and  equal  to  that 
of  the  fixed  fpeculum  B. .  j 

•2.  The  two  plane  refledors,  B  and  C,  being  equally  in7 
clined  to  the  plane  OPA,  it  follows,  tliat  during  the  motion  of 
C  there  muft  be  fome  point  O  in  the  circumference  OAP,  at 
which  when  CP  arrives,  the  refledlor  C  will  be  parallel  to  the 
fixed  refleftor  B. 

3.  When  the  moveable  radius  which  carries  rofind  the  plane 
C  is  at  any  other  pofition  CP,  let  a  ray  flowing  from  a  diflant 
obje£l  T  impinge  on  the  fpeculum  C ;  let  it  be  reflefted  from 
thence  in  the  dire6:ion  CB,  and  being  again  refleded  at  B  in  the 
direftion  BG,  let  it  be  obferved  by  a  fpeftator's  eye  at  G ;  the 
Image  of  T  will  appear  fomewhere  in  the  line  GBS  ;  fuppofe 
that  a  ray  flows  from  a  diftant  objedl  S  fituated  in  the  line  GB 
produged,  and  that  this  ray  SG  comes  diredly  to  the  fpedator's 
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eye  at  G :  the  objeft  S  feen  by  direct  rays^  and  the  image  «f 
the  point  T  feen  by  rays  after  two  reflexions,  will  appear  to 
coincide  in  the  line  GBS.  This  is  an  obfervation  by  two 
reflections,  from  which,  together  with  fuch  data  as  limit  the 
problem,  the  true  angle  fubtended  by  the  objeAs  T  and  S  is  to 
be  inferred. 

4<  The  data  which  limit  this  problem,  being  neceffary  foz 
the  determination  of  the  ^nglc  fubtended  by  T  and  S  are  in 
number  four j  which  are  next  to  be  confidercd.  i  ft.  One  of  thefe 
data  is  the  arc  PO,  being  the  angular  diftance  of  the  moveable 
radius  CP,  meafured  on  the  circumference  of  the  circle  OPA, 
from  that  pofition  CO,  at  which  the  two  refleflors  are  parallel ; 
the  (ituatton  of  this  arc  OP  in  relpeft  of  the  point  O  being 
fuppofed  known,  that  is,  it  being  known  on  which  fide  of  that 
point,  OP  is  fituated  in  relpe^t  of  the  ray  BG.  idly,  The  com- 
mon inclination  of  the  reflefting  planes  B  and  C  to  the  plane  of 
motion  is  another  of  thefe  data.  The  third  and  fourth  of 
the  conditions  muft  be  mentioned  rather  more  particularly. 
The  ray  BG  is  always  underftood  to  be  ^ven  in  pofition  in 
tefpeft  of  the  plane  of  motion  OPA  (confidered  as  immoveable) 
being  either  coincident  with  the  line  of  coUimation  of  a  tele- 
fcope,  or  direfted  by  fights  fo  as  to  be  invariably  fixed  :  the  fpe- 
culum  B  alfo  being  unmoved,  the  line  or  ray  BC  will  m^er 
change  its  pofition,  from  the  known  principles  of  refleftiom 
The  angle  CBG,  therefore,  and  the  half  of  that  angle 
being  the  angle  of  inddence  at  which  CB  impinges  on:  B, 
will  be  always  of  the  fame  magnitude  ;  whereas  riie  half  of 
the  angle  BCT,  or  the  ang^e  of  incidence  on  the  moveable 
.  fpeculuin  C,  is  continually  changing,  while  C  is  carried 
Jotmd  m  the  plane  of  motion :  this  conftant  angle  of  in- 
cidence or  refleftion  at  the  fixed  fpeculum  B  will  be 
another   of  the   data  neceflary   to   determine  the  problem. 

The 
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The  rays  GB,  BC,  and  the  fpeculum  6^  being  fixed  in  refped 
of  each  other^  and  of  the  plane  OAP,  the  plane  CBG  will 
al(b  be  given  in  pdition ;  that  is,  its  inclination  to  the  plane  of 
flx>tion,  or  to  any  other  fixed  plane^  will  conflantly  be  the 
fame :,  whereas  the  inclination  of  the  plane  BCT  to  the  plane 
of  motion,  or  other  fixed  plane,  will  be  continually  changing 
while  the  refleftor  C  revolves  with  the  radius  CP.  The  pofition 
of  the  plane  GBC  conftitutes  the  fourth  and  laft  of  the  daftat 
and  it  will  be  immaterial  to  what  fixed  plane  it  is  referred^  la 
the  cnfuing  foiution  the  fituation  of  this  plane  will  be  defined 
by  its  inclination  to  the  fixed  fecondary  of  the  plane  of  xnotioo; 
which  pafies  through  the  point  O* 

.  5«  The  enumeration  of  theie  data  leads  to  the  conAruc^ 
tion  of  the  problem^  a  few  observations  being  previoufly 
inierted  to  prevent  repetitions  and  unQeceiTary  references,  ift^ 
The  obje£ks  observed  are  underftood  to  be  lucid  or  illuxmned 
points,  and  ib  diflant,  that  the  rays  which  flow  from  either  of 
them  may  be  efteemed  parallel  without  error  as  far  regards 
theie  obfervations :  fuch  objefts  are  the  fixed  {ksm^  any  given 
pdiiits  in  the  diiks  of  the  fun  or  planets,  £cc.  2<Uy,  As  in  mea-> 
Turing  the  angular  pofitions  of  objefts  which  lie  in  the  (aoie 
plane,  thefe  obje£ts  are  referred  to  the  circumference  of  a  cicdct 
die  xexiUc  of  which  is  coincident  with  the  fpeiftator*s  eye ;  ib 
in  estimating  the  pofitions  of  objeds  which  lie  in  different  fdane^ 
and  of  the  Inclinations  of  thefe  planes  to  each  other^  the  ob« 
je^,  ^c.  are  referred  to  the  circumfereiK:e  of  a  (phere^  of 
which  the  centre  coincides  with  the  centre  of  the  ipe^ator*$ 
view:  applying  this  to  the  pre^t  cafe,  fiaCe  the  lines 
CT,  OB,  SG  (fig.  I.)  are  fituated  in  ilif&rent  planes;  in  order 
to  eftimate  their  pofitions,  any  point  may  be  aflttmed  as 
the  centre  of  a  fphere,  and  through  that  point  lines  are  to  be 
drawn  parallel  to  the  giwn  lines  :CT,  CB,  SG,  the  points  in 
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which  the  lines  interfeft  the  fpheres  furface  will  give  their  re* 
lative  fituations '  by  the  rules  of  trigonomety.  3aly,  There^ 
will  be  no  neceffity  to  reprefent  the  reflefting  planes  in  the 
general  conftruftion,  fince  the  pofitions  of  the  perpendiculars 
to  the  planes  will  give  the  fituations  of  the  planes  themfelves, 

6.  To  determine  by  conftruftion  the  angle  fubtended  by  the 
objeds  T,  S,  from  the  data  which  have  been  defcribed,  let 
APOCQj[fig.  2.)  reprefent  a  great  circle  of  the  fphere  to  the 
furface  of  which  the  objeds  obfervcd,  and  the  pofitions  of  the 
incident  and  refle<9:ed  rays,  &c.  are  referred ;  C  being  the  cen* 
ter,  CK  the  axis,  and  K  the  pole  of  this  great  circle ;  through 
K  draw  any  fecondary  KO,  and  from  the  pole  K,  atthediftance 
of  the  arc  KF,  =  the  meafurc  of  the  given  inclination  of  the  re- 
flefting  planes  to  the  plane  of  motion,  delcribe  a  parallel  or  lefler 
circleFIM :  with  the  poleF,  and  at  a  diftance  equal  to  a  quadrant, 
defcribe  an  arc  of  a  great  circle  interfering  the  fecondary  KO 
produced  in  the  point  X,  and  in  this  arc  from  X  take  XY  =  the 
meafure  of  the  given  inclination  of  the  fixed  plane  of  reflection  at 
the  fpeculumB  to  thefecondary  which pafles through  the  polntO; 
and  draw  the  quadrant  YF,  which  produce  in  the  direftion  YF: 
from  F  on  either  fide  of  F  fet  ofFFD  equal  to  the  meafure  of  the 
given  conftant  angle  of  incidence  at  the  fpeculum  B,  andmake 
FB  (taken  on  that  fide  of  F  which  is  oppofite  to  D)  fequal  to  FD. 
Draw  the  radius  CO :  from  O  fet  off  an  arc  OP  in  the  circum- 
ference OPA  equal  to  the  meafure  of  the  angular  diftance  de- 
fcribed by  the  moveable  radius  CP  from"  that  pofition  at  which, 
the  refleftors  are  parallel ;  oWerving  that  the  arc  OP  be  on  that 
fide  of  the  point  O  which  *  eorrefponds  with  the  conditions  of  the 
problem  (art.  4.):  through  P  defcribe  the  fecondaiy  KP  inter- 
feaing  theparallel  FIM  in  the  point  I  r  through  B  and  I  defcribe 

•  It  is  ftippofied  to  be  known,  whether  CP  beginning  its  motion  from  the  pofi- 
tion CO  approaches  towards  the  vifual  ray  BG  or  rtcedes  from  it. 

the 
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the  arc  of  xgrjsat  cxrcle  BIB,  and  tiei  itrtake  £1 '€q)ial'to  113 : 
through  D  and  E  di^aw  'the  arc  of;  a,  great.circlerDE,? .the  afg- 
DE  will  be, the  meafure  of  the » true  angja  fubt^nd^d.by  the, 
objeds  obferved,  according  to  tbe.data  pf  the  problem. 

PrevioiK  to  the  demonftration  of  thi^  conftru(^bn,  the  appli- 
cation of  it  to  the .  method  of  obfervption  by  two-refleftions' 
(hould  be  defcribed.  Joiin  CP,  CI,  and  JCF,  To  the  extremity  C 
of  the  radius  CP  let  a  plane  fpefculum  be  affixed,  CI  beifig 
always  perpendicular  to  this  plane : ,  as  PC  revolves  in  the  plane! 
of  motion,  the  perpendicular  CI,  will  .defcribe  the  parallel  or- 
lefler  circle  FIM,  and  whea  CPcoiiKides  with  CO,  CI  will 
coiiicide  with  CF.  Through  B  draw  BR  parallel  to  CF,  and 
let  a  plane  fpeculum  be  fixed  at.  B-  perpendiculat,  to  BR;  CFi 
and  BR' being  parallel  when  tbp /perpendicular  CI  coincides) 
with  CF,  the  refleftors  atC^hd  B  willthenbeppralleK 

Join  CD,  aad  produce  it  to  a  very  diftant;:pQiqt  S,.  and- 
through  B  draw  GRS  parallel  to. CDS  V  the  reflfcftpr.^.  C  and  R 
being  parallel,  and  their  perpendiculftr3  coin^idwg  v^fi^iijCF  and 
BR,  let  a  ray  SC  impnigp.on  the  reflefitor  C  : .  b^ca^fc^,FC  is  the 
perpendicular  to  the  fpeculuip,  C  gftdthe  arc  D^'^FB  bycpiiT 
ftruftion,  thcfe  arcs  bei^ag  in.  the  plane  pf  tbe  famft  gneat  circle 
DBQ^,  it  follows,  that  the  ray  SC  will  be  refle<aed  from  C  inr 
the  direftioa  CB,  impinging. on- the  fpeculum  B*at  the  angle  of 
incidence  CBR;  and  finee  [DC  and.  BQ  are  pacgljel'by.con- 
ftrudiorfc,  and  the  parallel  line?  :FC.BR  fall  Wnthjfem,  thia 
angles  RBG,  FCD,  will  be^  equ.aly  9tKl  FCBpr  C3R=^RBG* 
CB  therefore  being  the  ray  incident  on  the  fpeculum  B  will  bei 
reflefted  in  the  direftion  BG  parallel  to  SC ;  .and;a  ray  S&com- 
ing  direftly  from  S  willfbe  feen  i^-eipcidenf  with  the.refleded 
ray  BG.  Here  we  ob/erve,  ,th»t,  the  .planes  of  ,rf flfjfStion;  at  C 
and  B,  that  is,  the  ,planes  DCB  .aft4  QBG  cpingidei  the  re- 
flectors being  parallel. 

Let 


Let  th6  »diu6  CP  fh6ve  from  the  politioii  CO^  catrjrmg  with 
it  the  fpaailum  C  and  its  perpendicular  CI :  then,  £1  being 
equal  tb  15  by  conilruAion)  ft  ray  impinging  on  C  in  the  di  • 
reaion  TEC  will  be  refleAed  in  the  plane  ECB,  and  becaufe 
ECl  =  ICB,  the  reflefted  ray  will  coincide  with  die  line  CB, 
and  after  refleftion  at  B  will  *  proceed  in  the  direction  BG, 
being  coincident  with  the  ray  SO  which  comes  dire£Uy  fnomS.' 
When  the  perpendicukr  CI  leaves  CF,  the  plane  of  reflection 
ICB  becomes  inclined  to  the  plane  of  rafle^on  DCBG  with 
which  it  before  coincided ;  but  the  position  of  the  rays  CB^ 
BG,  aini  of  the  perpendicular  BR,  remains  unaltered;  for 
which  reaibh  the  plane  GBCFD  conrefponds  to  the  fixed  plane 
of  reflection  defcribed  ailing  the  conditions  (art«  4.)^  When 
CI  was  cbiiicident  with  CF9  the  radius  CP  was  jcfoincidait  with 
CO,  O  being  the  initial  point  of  the  arc  OP,  defcribed  by  the 
radius  CP,  denoting  that  when  CP  coincides  with  O,  lixe  xe- 
Aedors  being  then  pai^allel,  the  inclination  tX  the  ray  SC  ob- 
&rv^  after  two  rede^Uons,  and  SO  obferired  by  dired:  rays 
parallel  to  SC,  is  nothing:  the  great  circAe  KO^  therefore, 
which  palles  ihroiugh  O  and  F)  will  be  the  fixtd  or  primitiTe  it* 
eondary  to  whidi  the  kic&iation  of  the  £xed  plane  of  refleo 
tion  at  thl3  ^>eculuai  B  is  referred. 

The  demonftration  of  the  conflru^ftion  will  coBffift  of  two 
pftrts.  It  mttft  be  firfl  ih^wn^  that  the  ^nditions  or  data  of 
the  pc^blein  ^re  bbferved  in  the  conftniQiion.  2dly,  That  tb6 
magnitude  of  the  arc  ED,  which  meafures  the  an^  ifdbtended 
by  the  bb^er?«d  obgefts  is  Uriiited  or  detertnkied^by  ihem. 

SuppoKiog  the  togle  TCS  to  be  of  any  nnkntfwn  quanttty^ 
3t  haft  jlj^ftrt^^  that  actbr^ng  to  the  conftrti^tion^  the  mys 
which  come  from  T^  and  lure  feen  after  two  refle£t»»iis  at  C  and 
B|  will  be  ebieiVed  4e  craicide  wil4i  the  Mys  wfaieh  coine 

*  Supra. 
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dire&Iy  from  S.    That  the  ccHiditions  of  the  problem  ve  ful- 
filled in  the  conilrqi^ion  is  demoqftrated  thus  : 

1  ft.  The  inclination  of  the  refleftprs  B  and  C  to  the  plane  of 
motion  was  conftru^ed  of  the  magnitude  which  is  n^eafured  by 
the  arc  KF.  KC  is  perpendicular  to  the  plane  of;  rnotion  •  CF 
is  perpendicular  to  the  refiedor  C,  and  the  inclination  of  theie 
two  lines  CK,  CF,  is  meafured  by  th?  arc  KF  j  but  the  incli* 
nation  of  any  two  planes  is  the  fame  as  the  inclination  of 
two  lines  which  are  perpendicular  to  them;  the  iiK:linatbn 
therefore  of  the  reflector  C  to  the  plane  of  motion  is  meafurcfl 
by  the  arc  KF,  and  the  fpequlmyji  B  is  equally  inclined  to  the 
plane  of  motion  with  C  .by  thf?  CQQilru^ioi(i,  the  perpendiculars 
CF  and  CI  being  parallel  when  botjb  are  iituated  ii^  the  plane  of 
the  fande  great  circle  DBQ* 

2dly,  KO  being  the  Secondary  to  which  the  pofition  of  thie 
fixed  plane  of  reflexion  DFB  at  the  Ipeculuo^  ^  was  referred^ 
that  givmi  inclination  will  be  equ^l  to  the  angl?  QFB,  which 
is  meafured  by  the  afc  XY  accardipg  to  the  coniln^dion,  FY 
being  a  quadrant. 

3dly,  Mcureover,.  FD^^FB,  was  cooftru^ed  o^u^  to  the  eon- 
ftant  angle  of  incidence  at  the  fixed  fpeculum ;  CBR  is  the 
^ngle  of  incidence  at  the  fixed  fp^plmp  B,  axuliF  i$  equal  to  the 
angle BCFybecauife  CF  and  BJl^rfSffimUel  by  cooftru^tion^^Pfi 
CB  falls  on  them^  FB,  .fx  ks  i^f^n^  FI>  thwcfo^c  is  truly  eoft- 
ftruaed  the  meafitre  qf  th^  gnm  conAant  angjLp  of  ineidence  ^t 
the  fixed  fpeculum  B.  , ,  . 

4thly,  Becsufe  it  h^  hoen  fhewn  that  CO  JU  th&  pc^iqp  of 
the  cadius  CP,  when  the  refle£))9rs  uc  parallel^  the  ajpc  OP  k 
Tightly  conftnuSfced  the  swafiijge,^  the  zvg^  idi|(^n<»B  of  the 
radius  CP  from  thatpofition. 

It  remains  only  to  denaixiftraite  that  tlwfe  four  given  quanti- 
ties, KF,  OP,  XY,  and  DF,  liwt  the  magnitude  of  the  arc 
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"ED :  throtrgh  I  and  F  driw  the  arc  IF:  then  the  given  arc 

KF  or  KI,  and  the  angle  IKF,  meafUredby  the  given  arc  PO, 

define  the  triangle  IKF,  and  in  it,  therefore,  the  fide  IF  and 

•and  the  ahgTe  IFK  are  detemiined.     If  from  IFK,  the.  given 

angle  DFK, '  meafiared  by  the  arc  X Y,  ^e  fubtraded,  the  re- 

4nainder  IFD;  and  IFB  its  fupplement  to  i^o°  will  be  defined : 

the' given  arc  FB,  with  the  angle  IFB  and  the  arc  IF,  deter- 

•mine  the'arigle  IBF,  and  the  arc  IB,  or  its  double  BE  :  and  the 

*gn'en  ard'BDj  the  ate  BE,  with  the  contained  angle  DBE  before 

determined,' define  the  arc  ED,  which  is  therefore  the  true  mea- 

rftrre  of  the  angle  fubtended  by  the  objefts  obferved  under  the 

^coitditions^^filledin  the  conftruftiop. 

*^  7.  The  2:omputa<k)n-6f  the  obieryed  angle  DCE  being  for 

the  prefent  omitted,  fome  con fequeaces  which  follow  from  the 

cdnftruftibn  may  be  inferted  in  this  place,  being  either  corol- 

Ikiles,  or  **fuch  truths  as  adftiif  of-eafy  geometrical  dedudion 

•from  the  gefierial propofitioh.     The  line'DC  will  alw^s  be  the 

^dfition  of  the  vifual  ray  or  line  of  collimation  of  the  telefcope 

ufed  in  the  obfervation,  and  the  inclination  of  \i  to  the  plane 

'of  motion  ^wiff  bemeafured  by  the'  conapiettient  of-thaarc.DK 

to  a  quadrant;*    The.line-BC  will  be  the  pbfition  ofthe  ray 

HirhicW  jiafles  Between  thie  refleftors  B  and  C,  andtheindina- 

tbn  of  it  to  the  plaiie  of  motion  will  benieifored  by  thexx^m- 

'^kment  of  ^  the  arc  feK  td  a  quadrant. .  Thefe  arcs  are  left  out 

df  the  figure,  that  the  mor6  ttiat^ial  parts  of  the  co*nftru£lion 

might  not  beconfufed  by  them. 

'  8.  Every  thing  elfe  remaining,  letche  parallel  FIM  (fig.  3.) 
be ^  projected '  051  the  plane  of  motion  QOP.  -Through,  the 
poiiits i^  and!  draw  the'arc  of  a  great  circle  NIFR.  The  ob- 
ferved  *  objefts  T  and  S,  or,  which  Us  the  fame  thing,'thefX)int^ 
of  interfc£lioh  at  the  Iphere's  furface  E  and  D  will  be  at  equal 
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perpendicular  diftances  from  this  arc,  whidi  may  be  demon- 
ftrated  thtw.  Through  the  points  E,  D,  and  B,  draw  the 
arcs  EN,  DL,  and  BR,  perpendicular  to  NIFR :  then  the  tri- 
angles DFL,  FBR,  being  equal,  DL  will  be  equal  to  BR ; 
moreover,  the  triangles  ENI,  IRB,  being  equal,  the  arcs  EN, 
RB,  will  be  equal :  from  whence  it  foUows,  that  EN  rr  DL,  or 
the  perpendicular  diftances  of  the  points  E  and  D  from  the  arc 
of  a  great  circle  which  paflfes  through  the  points  I  and  F,  are 
equal.  It  appears  alfo,  from  the  fame  conftrg<9:ion,  that  the 
arc  NL,  intercepted  between  the  two  perpendiculars  EN,  DL^ 
is  equal  to  twice  IF :  for  becaufe  the  triangles  EIN,  RIB,  ar^ 
equal,  as  are  the  triangles  WLF,  RFB,  it  follows,  that  NI  is 
equal  to  IR,  and  EF  to  FR,  wherefore  £lR  :^  NR,  and  2RF 
=:  LR :  whence,  by  fubtra6ling  equals  from  equals,  2RI—  2RP 
=  NR-LR,  or  2lF  =  NL,  which  was  the' equality  to  be  de- 
monflrated. 

9.  From  this  laft  conftrudlion  and  demoniVration  the  follow^ 
ing  proportion  is  Inferred.  As  radius  :  cofine  of  DL  or  EN, 
fo  is  the  fine  of  IF  to  the  fine  of  half  the  arc  ED,  or  of  half  the 
obferved  angk :  for  if  the  arcs  NE,  LD  (fig.  3.),  be  continued 
until  they  meet  in  the  pole  H,  the  arcs  NH,  LH,  will  be  qua- 
drants, and  the  triangle  EHD  ifofceles,  which,  from  a  property  of 
ipherics  too  obvious  to  need  demonftrating,  gives  this  propor- 
tion :  as  the  chord  of  NL  to  the  chord  of  ED,  fo  is  radius 
to  the  fine  of  DH,  or  cofine  of  DL ;  but  the  chord  of  NL  is 
equal  to  the  chord  of  2IF  from  art.  8.  We  have,  therefore^ 
as  radius  :  cofine  DL,  fo  is  the  chord  of  2FI  to  the  chord  of 
ED,  or,  which  is  the  fame  proportion,  as  radius  :  cofine  DL, 
ie  is  the  fine  of  IF  to  the  fine  of  half  ED. 

10.  From  the  laft  article  it  appears,  that  the  fine  of  half 
the  angle  between  the  obferved  objefts,  or  the  fine  of  half  ED, 

Vol,  LXXI.  H  h  h  is 


406  Mr.  atwood's  theory  for  the  Menfuratim 

is  proportional  to  the  fine  of  FI  and  the  cpfine  of  DL  jc^ntly  ; 
confequently  the  fine  of  FI  being  the  fame,  fin.  |  ED  is  propor- 
tional to  the  cofine  of  DL ;  this  will  lead  to  the  reafon  why  ia 
enumerating  (art.  4.)  the  *  conditions  which  limit  the  magnitude 
of  theobfervedarcEDjthe  pofitionof  the  fecondary KP,  in  refpedt 
of  the  point  of  interfedljon  Q^and  of  the  fixed  fecondary  KO, 
was  annexed :  for  it  will  appear,  that  every  thing  elfe  being  th« 
fame,  the  magnitude  of  the  arc  ED  will  depend  on  the  pofition 
of  the  fecondary  KP,  whether  it  be  on  one  fide  of  the  fixed  fe- 
condary KO,  or  on  the  other,  the  angles  PKO,^KO,  being  equal. 
Having  fet  off  Op  =  OP  draw  the  fecondary  K^  interfering 
the  parallel  FIMU  in  the  point  U ;  and  through  B  and  U  draw 
the  arc  of  a  great  circle  BU W ;  take  UW  =  BU ;  and  through 
D  and  W  draw  the  arc  of  a  great  circle  DW :  then  by  the 
con{lru<Stion  and  demonflration  in  art.  6.  the  angle  fubtended 
by  the  obferved  objeds  will  be  meafured  by  the  arc  DW,  and  it 
will  be  eafy  to  fliew,  that  DW  is  not  equal  to  DE,  except  in 
two  extreme  cafes;  that  is,  when  the  fixed  plane  of  refledlioa 
DFB  is  either  coincident  with  the  primitive  fecondary  KO  or 
perpendicular  to  it.     Through  the  points  F  and  U  draw  the 
arc  of  a  great  circle  VFU,  and  from  D  draw  the  arc  DV 
perpendicular  to  YFU :    fince  +  the    fines  of  half  the  arcs 
DE,  DW,  are  in  a  proportion  compounded  of  the  proportions 
of  the  fine  of  IF  to  the  fine  of  FU,  and  of  the  cofine  of  DL 
to  the  cofine  of  DV,  the  fines  of  IF,  FU,  being  equal  by  the 
conftruiftion,  the  fines  of  half  the  arcs  ED,  DW^  will  be  in  the 
fame  proportion  with  the  cbfines  of  DL  and  DV,  which  are 
evidently  unequal ;  confequently,  the  fines  of  half  the   arcs 
DE,  DW,  and  therefore  the  arcs  themfelves,  muft  be  unequal. 
1 1 .    The  angles  PKO,  OK^,  remaining  equal,  when  the 
fixed  plane  of  refleftion  BFD  (fig,  4.)  is  coincident  with  the 

*  Compare  fig.  a.  f  Supra, 
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ftcondary  KO,  or  at  right  anglfes  to  it,  the  perpendiculars  DL, 
DV^  become  equal  in  bdth  cafes»  which  is  obvious  from  the 
equalify  of' the  triangles  I>VE,  iDLF;  it  follows,  therefore, 
(art.  10.)  that  the  fines  ofirFI  and  FU,  and  the  cofiiles  of  DL, 
DV,  being  equal,  the  arcs  DE,  DW,  will  be  equal  in  theie  two 
extreme  cafes^  but  in  no  other. . 

:r2.  Since  the  angle  fubtended  by  the  obferved  objefts  (art. 
JO.)  dependsionly  on  the  fine  of  IF  and  the  cofme  of  DL,  it 
is  plain,  thab if  the  joints'  D land  B  be  interchanged,  (fig.  2, 3^  4.) 
the  angk  obferved  will  not  be  altered,  every  thing  elfe  remaining 
the  Taoae  ;  becaufe  ^neither  the  fine  of  IF,  nor  the  cofine  of  DL,. 
is  aflfefked'  ty  this  change.  For  this  reafon  in  any  conftruftion  for 
meafuring'  angles  by't^o  refleftions,  the  pofition  of  the  *  yifual 
ray  may  be:  altered  Intothat  of  the  ray  BC  palling  between  the 
reflectors,  which  will  become  in  that  cafe  the  fituation  of  the 
vifual  ray,  this  alteration  noways  afFedling  the  obferved  angles. 

1 3.  While  the  perpendicular  CI  (fig.  2.  and  5^)  defcribes  the 
parallel  FIM9  the  angle  of  incidence  on  the  moveable  Ipeculum 
C^  that  is^  the  angle- ECI  or  ICB^  meafured  by  the.  ^trc  BI, 
continually  increafes  until  it  arrives  at  a  certain  limit.  This* 
limit  is  determined  by  drawing  through  the  points  B  an<l  K. 
the  arc  of  a  great  circle  6KM.  When  the  perpendicular  CI 
arrives  at  M,  the  arc  BM  is  the  greateft  poflible,  which  will 
therefore  be  the  meafure  of  the  greateft  angle  of  incidence  on 
the  moveable  Ipeculum,  according  to  this  conftruftlon,  the 
radius  CP  having  then  defcribed  from  O  an  arc  which  is  the 
meafure  of  the  angle  FKM.  Now  it  is  plain,  that  if  the  arc 
MB  fliould  be  greater  than  a  quadrant,  there  can  be  no  vifion 
by  two  reflexions,  when  the  perpendicular  CI  coincides  with  M 
(^fuppofing  the  moveable  fpeculum  to  reflefl:  on  one  fide  only) 
becaufe  the  angles  6f  incidence  and  refledion  on  any  fpeculum 

*  The  pofition  of  the  ray  DC  it  the  fame  with  that  of  the  ray  BG  parallel  to 
It,  whecvreferred  to  diftant  objects* 
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mvSi  be  lefs  tfaaa  9o\  If  BM  be  kfs  than  a  c^uaikanty  an 
obffenratioa  by  two  Hefle^bions  may  be  taken  when  the  ra4iiis 
CP  is  dire£i:ed  to  any  point  lii  the  circumfeiemx  of  the  plane  o£ 
motion.  When  the  arc  BM  is  greater  than  a  quadrant^  two 
other  limits  will  be  produced  in  the  circumference  of  the  plana 
OCP ;  while  the  radius  CP  is  between  thefe  limits,  ao  obfer* 
vation  by  two  reflp£lions  can  be  taken :  thefe  limits  are  con- 
ftru^ted  thus  (fig.  6.).  BM  being  greater  than  a  quadrant^  \nth 
the  pole  &  ^and  diflanca  BI  equal  t6  *a  quadrant,  defcribe  the 
arc  of  a  great  circle  1/  interfering  'the  parallel  FIMinthe 
points  I  and  /:  through  I  and  /draw the fisccHidaries  KYf  KZr 
while  the  radius  CP  is  between  2^  and  Y  no  obiervateh  can  be 
taken  by  two  refleflions^  If  BIE,  fi/^,  be  drawn  eqiiai  to  a 
femi-circle,  and  D£  joined,  then  D£iwill  be  the.  meafure  of 
the  limiting  angle  which  can  be  obferved  by  this  conftra^on, 
either  on  one  (ide  of  KO  or  on  the  other ;  and  becaufbj;  by  the 
principles  o^  trigonometry ,  the  arcs  BD  and  D£  are  in  defame 
great  circle,  BDE  being  a  femi-cirdie,  we  ihall  derive  k^m  liie 
qonfbru^on  this  conclufion :  the  dif&rence  between  JSo'*  and 
double  the  angle  of  incidence  on  the  £xed  fpeculum^  will  be  a 
limit  which  termmates  the  angle  obferved  by  two  lefteflions  in 
jevery  cafe^  when  the  arc  BM  is  greater  than  a  qxiackaat  ^. 

14.  In  ally*  given  e^^nlple  formed 'on  the  pritoK^pleils^  which 
have  been  dfemonftrate^  (fig.  2.)  for  the  eftimation- of  angles 
by  two  reflexions,  thred  of  the  four  quantities  nto^Ssxj  to 
determii>e  the  refult  muft  conftantly  be  the  fame^  while  thfe 
fourth,  that  is,  the  arc  OP,  varies  with  the  magnitude  of  the 
angle  fu&t^nded  by  the  objeds  obferved :  the  diflenefft  a»agni- 
tudes  of  thefe  three  given  quantities  will  caufe  a  gr^  variety 
of  properties  in  ^onftrn6ti<)ns  which  depend  on  the  ^n^ral 

*  This  termination  of  the  angle  which  can  be  bbfein^d  by  two  refle^Hoot  niftjp 
happen  while  the  ebfcrved  angle  i»  >ncrea6Dg  or  deciieflfing  during  dberevolutioQ 
of  the  index  in  the  plane  of  motIon« 

4  theory. 


ef  the  J^gti  fubteniedfy^hjtni  OiJeSis^  &c,  409^ 

tKcojTv  If  the  ang^:DFK"(f^  a.)>  being  the  ijiglination  of 
the  filed  plane  of  cdk£tion  to'  khel  primitive  ledondary  be. 
z=  90%  and  the  arc  KF^  or  the  inclination  of  the  refleftors  tQ 
the.  plane  of  motion,  be)  ^  go''  alfi%^?'fbe  ^oo^uAion  will  be- 
come that  of  HADLBY*s  inflruiQent  (fig.  y.)*  whatever  be  the 
magnitude  of  the  arc  DF,  that  is,  of  theangle  of  incidence  on  the* 
fixed  fpeculum  B :  in  this  cafe  the.fx»!atf  F  aiid  O,  and  the  points 
I  and  P,  coincide.  Here  JF  qxiPjQ.  eiwfures  the  inclination  of 
the  refle£bors  to  each  other ;  land  became  BF  =  FD,  and  BI  =  IE, 
by  conflruflion,  it.  follows,  that  I^E  ^  aPQ,  that  is,  the  angle 
lubtenkkd  by  the.  ohferved  ob^^s  jst  double  to .  the  ailg}e  .4c 
which  theiefle&ors.ajsiixijcUnedrtQ  each  other.  This  is  a  knowai 
property  of  HADLizsViafthunentv :  in.  which  the  vifual  rjy,.  af>d  t 
the  ray  in tennediats*  between  the  refleffcors,  are  in  the  pkne  of 
motion,  which  is  aUacxprefled  in  theconftri^icsi^  X>C  {ind  BC 
coinciding  with  the- plane  FOC«  •  '",:.:.,.   ^ 

i5^  Bifiaft  KO  DiF?  then  will  1LF;5:45^  (fig.  ^^.^  The; 
vifual  cay  CD  being  a)uicident  wilh>the  planie  of  :mol^<>n,  le(; 
the  incHnatioh  off  the  .Tefle<Sors.ix>) that:  plane  he  equal  ito^t 
45^ :  morbctfrert.  let  tWe  imgle  *  'IXR&  rf  tSo^ ;  ft>  ^feidl  D  ccwat^ 
cide  w&th  O^  andB  vnthK :  thbt  will  afibrd  a  )gQQd  example/^ 
to  the;^ener&l^tfaeoi3S.::  L^tthe  r^diiidrCP  more  lab^ny  give»j 
poiiiwn;,'^  ^trying  ^ttith  it  thd  .^itotihun  C  ajidtot^  ^perpenH- 
dtcolar  CT:  here  thf^  itMQnedi^(^&iE:  m^  thC'.pinnt  Biftnf; 
alwiys^^  aqui*diAant  t^l^nal;  and  -beaunfe  61' is  halfi  ^jquadr^ntr. 
by  conftrth^ion,  it  follows;  that  IE. will  be  of  the.ieme  mag« 
nttude,  BIB  therefore  will  be  a  qiaadrant^tandrdafeqti^itly  £^ 

* 

will  .coiticide  witb'P,  bein^  akvaysi^in;  tbcpdaneof  raotian^.. 
The  fallowing  properties  are  al£xxferityed  from  tWai  conilruflfiotiv/ 
I  ft,  'The  arc  DE  fiibrended  by  the  ohferved  ol35e^-i^eq.taal  to 
the  arc  .deicribedby*the  indfcx  or  jnbveablei  radium  CP  from  Oi; 

*  Compare  fig.  2. 
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differing  in  this  from  Mr.  flAi)LEYV' conftruftion,  in  which 
t?}ie  angle  obferved  is  equal  to  double  the^lsagle  defcribed  by  the 
ittbveable  radius  from  the  initial  point  of  •  the  arc  O.     While 
therefore  thfettiWeaWefpeoiiluni  C  is  cat-ried  round  by  the  ra- 
dius CP  in  the  plane  of  motion  according  to  the  new  conftruc- 
tionjuft  defcribed,  the  image  of  E  moves  with  an  angular  velocity 
juft  equal  to  that  of  the  r^us,  the  motion  of  the  image  beings 
according  to  Mr.  HAfiLEY'sr  invention,  always  greater  than  that 
of  the  radius  in  the  proportion  of  2.U>  i.     2dly,  The  angks 
of  incidence  and  l-efleftlon  iin*-both  furfaties  are  conftantly  the 
fame,  being  eqlial  to  45-*^^  -  5^yi  BI  (artv  13*)  being  always 
lofs  than  90%  obfervatioris  by  two  refle£bLons  may.be  taken  all 
round  the  circle,  that  is,- angles  of  any/ magnitude  may  be 
meafured  by  this  conftfirfkion;    It  will  riot  he  difficult  in  prac- 
tice to  regulate  the  inclination^  of  the  plane  refleflors  to  the 
plane  of  motion,  with  the  other  given  qumtitiea  to  their  true 
magnitude.    Let  the  refledors  B  and  C  be  brotught  parallel 
^hen  the  index  or  radius -CP  is  directed  to  O,  being  the  initial 
point  of  the  arc  OP :  in  order  to  examine  whether  the  fixed 
plane  of  refledk^i  BFD*  be  coincident  witfaiJthe  pmmitivefc(con* 
daty  KO,  it  i$  only  neceilary  to  obferve  the  ^mgle  fo&teiided  by 
tWD  given  objefts^when  the  index  CP  is  on  .the  difierent  fides  of 
the  initial  pinnb  O :  if  theiudek  be  dire<9±d  to  imequai  diftances 
from  that  po^nt  at  the  times. of  obfervation^  a  cotre&ion  is  re- 
quired (art.  ii.)l     To  examine  whether!  tfe  inclihatipn  of  the 
refleftors  to  the  plane  of  motion  be  exactly. 45%  let  the  index 
CP  be  dire^ed  to  x8o-  :  if  the  inclination  of  the  refloats  to 
each  other  be  not  then  =:;  90",  a  corre&iou  muft  be  applied*    It 
will  be  known  whether  the  inclination  of  the  refle£tor$  to  each 
mother  be  =90%  by  obferving  the  two  oppofite  horizons  at  ica, 
^aad  at  land  Jby  various  obvious  43iethods»  Tbeie  exaoainations 

are 
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are  wholly  incfepemleatjof  the  inclinat^^^  of  the  telefcope  to  the 
plane  of  motion,  whichis  reg^ukted  to  its  true  fituation  parallel 
to  the  plane  OP  A,  by  making  the  plane  OPA  fixed  in  regard  .to 
diftaat  ob^fts,  and  by  pbferving  if  the  images  of  bbjedls  E,  feen 
after  two  refledious  of  the  rays,  defcribe  the  arc  of  a  great  circle 
while  C  is  carried  round  the  plane  of  motion.  Any  three  fixed  ob- 
je£ls,  at  a  fufEcient  diftaace,  and  fituated  in  the  fame  plane  with 
the  obferver's  eye,  will  be  fufEcient  for  making  this  adjuftment; 

Fig.  p.  ID.  and  ii,  reprefent  the  progrefs  of  the  rays,  and 
the  pofition  of  the  refledlors  according  to  this  conftru^lion,  TC 
^s  a  ray  iffuing  from  any  objeft  T  in  a  direftion  parallel  to  the 
plane  of  the  motion,  and  impinging  on  the  ipeculum  C,  which 
is^  inclined  to  that  plane  at  an  angle  of  45"* :  from  hence  it  is 
reflefted  in  the  direftion  CB  perpendicular  to  the  plane  OCA,. 
and  being  there  reflefted  by  the  fpeculum  B  proceeds  in  the  given 
or  conftant  direction  BG  parallel  to  the  plane  of  motion  OPA. 

1 6i  There  is  another  conftrudlion  which  follows  from  the 
general  th^pry,    the  defcription    of   which   fhould   not    bo 

omitted.:    This  will, require  fome  little  explanation.     As  be- 

*      «  f. 

jfore  (.^.,ia.)  let  OPA  reprefent  the  plane  of  motion,  K  its 
pole,  FJM  a  parallel  or  lefler  circle  projected  on  it,  the  diftance 
of  this  parallel  from  the  pole  K  being  meafured  by  the  arc  FK ; 
let  KO  be  the;  piimitive  fecondary,  and  BFD  the  fixed  plane  of 

«  • 

reflection  on  the  fpeculum  B  coincident  with  it.  The  other 
parts  of  the  conftruftion  *  remaining,  it  has  been  demon  jftrat^d 
(art.  10),  that  the  fine  of  half  the  obferved  angle,  that  is, 
the  fine  of  half  ED,  is  proportional  to  the  fine  of  IF,  and 
the  cofine  of  DL  jointly.  Every  thing  elfe  being  the  fame, 
it  is  manifeft,  that  the  fine  of  half  ED  will  be  proportional  to 
l[he  fine  of  IF :  as  therefore  the  arc  KF,  that  is,  the  inclina- 
%\oti  of  the  refleding  planes  to  the  plane  of  motion,  is  decreafed, 

*  Compare  fig* ^2.  and  3*  , 
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th?  angle  meafured  or  arc  ED  will  become  ftnaller  at  the  fame 
time,  becaufe  FI  decrcares  with  KF,  the  angle  IKF  remaining. 
^his  property  feems  applicable  to  good  purpofe  in  meafunng 
imall  angles,  not  only  ifrom  the  great  extent  of  fcale,  which 
is  here  obtaineci,  but  from  Various  advantageous  circumftances, 
which  will  appear  in  tli^  fiibfequent  article,  and  from  the  com- 
putations annexed  in  thofe  which  follow. 
'.  In  this  conftrudtionthe  fixed  plane  of  refleftton  is  made 
coincident  with' the  primitive  fecondary  for  various  reaibns: 
there  are  only  two  pofitidns  of  that  fixed' plane  whiA  admit  of 
eafyand  exact  adjuftments  ;  thefe  are  when  the  fixed  j^ane  of 
i-efle6tion  is  either  perpendicular  (art.  11.)  to  the  primitive  fe- 
condary or  coincident  with  it.  The  latter  pofitiori  is  preferred 
cxclufive  of  the  advantages  it  pofleflfes  in  common  with  the 
other,  becaufe  it  affords  mpans  for  a  very  precifc  adjuftment  of 
the  inclination  of  the  refleding*  planes  to  the  plane  of  motion, 
that  is,  of  the  arc  KF  ;  for  if  the  primitive  fecondary  OKMD 
(fig.  1 2.)  be  produced,  and  in  it  DG  be  taken  equal  to  four  times 
KF,  it  is  manifeft,  that  when  the  perpendicular  CI  coincides  with 
M,  or,  which  is  the  fame  thing,  when  the  radius  CP  is  direded 
to  i8o**>  the  objeA  E  obferved  by  two  refledkions  will  coincide 
with  G,  becaufe  BF=Fp  and  BM=rMG  by  conftfuftion.  If 
then  two  given  objects  be  obfefrved  when  the  index  points  to  1 80% 
the  inclination  of  the  plane  refleftors  to  the  plane  of  motion 
will  be  one  fourth  part  of  the  angle  fubtended  by  thefe  objefts. 
Concerning  the  magnitude  of  the  arc  FB,  being  the  meafure  of 
the  angle  of  incidence  on  the  fixed  fpeculum,and  of  KFr:  the  in- 
clination of  the  relle£lors  to  the  plane  of  motion,  it  Whl  appear, 
by  the  computations*^  that  the  fmaller  they  are  both  taken,  every 
thing  elfe  being  the  fame,  the  more  exa£l  will  be  the  refult  of 
the  obfervation ;  but  both  are  limited  by -circumftances  which 

*  Infra.- 
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(hould  next  be  defcribed ;  thefe  will  be  more  obvious  if  an  out- 
line be  annexed,  reprefenting  this  particular  cafe  of  the  theory 
adapted  to  the  menfuration  of  fmall  angles  when  reduced  to 
pradlice.  OAPC  (fig.  13.)  is  the  plane  of  motion,  G  the 
moveable  fpeculum  carried  round  in  the  plane  of  motioji  by 
the  radius  CP ;  a  ray  coming  from  any  diftant  objeft  T  im- 
pinges on  the  fpeculum  C,  and  being  reflefted  in  the  dire6lion^ 
CB,  is  there  again  reflefted  in  the  direftion  BG^  pafling  along 
the  axis  of  a  telefcope.  A  ray  coming  from  another  diftant 
objeft  S,  inclined  to  the  ray  TC  at  a  fmall  angle  enters  the  tele- 
fcope parallel  to  the  direction  of  its  axis,  which  is  coincident  with 
BG,  and  conlequently  the  images  of  the  two  objeds  S  and  T  will 
be  feen  to  coincide  in  the  middle  of  the  field  of  the  telefcope, 
the  angle  fubtended  by  them  being  BGT,  whicb-muft  be  deter- 
mined  by  the  fubfequent  computations. 

17.  By  this  figure  (fig.  13.),  without  further  argument,  it 
IS  plain,  that  the  magnitude  of  the  ^eflefting  fpeculum  C  limits 
the  conftant  angle  of  incidence  on  B;  for  were  that  angle  =<?,  the 
lines  CB,  BGy  would  coincide,  by  which  means  the  ray  BG 
and  others  adjacent  to  it  would  be  intercepted  from  enter- 
ing the  telefcope.  The  magnitude  of  the  reflefting  plane  de- 
pends on  the  quantity  of  light  required ;  if  a  circle  of  about 
I  2  inches  diameter  be  lufficient,  and  the  perpendicular  diftance 
of  the  relieving  planes  be  made  equal  to  five  inches,  the  kaft 
angle  of  incidence,  confiftent  with  thefe  conditions,  wilt  be 
about  7*".  It  is  however  to  be  remembered,  that  the  magnitude 
of  the  refleftors  fhould  be  adapted  to  the  aperture  of  the  tele- 
icope  ufcd  in  the  obfervation.  As  the  area  of  the  ipeculum  in* 
creafes,  the  light  admitted  into  the  fame  telefcope  dtcreafes, 
and  thefe  areas  ihould  be  fb  proportioned  as  to  afford  equal  quan- 
tities of  light,  fb  that  the  objefts  feen  by  two  refleftions,  and 
by  dire£t  rays,  may  be  nearly  of  equal  brightncfs ;  but  for  th6 
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lake  of  conftru^ting  an  example  to  this  theory^  the  mi^itude 
of  the  refle£kmg  planes  and  the  angle  of  incidence  on  the  fixed 
^culum  E  depending  o^  it  may  be  aflumed  of  the  value  men-^ 
tioned'in  this  article. 

1 3»  The  magnitude  of  the  arc  KF,  or  of  the  inclination  o€ 
the  refleding  planes  to  the  plane  of  motion  is  limited  by  the* 

« 

angles  which  the  obferved  objects  fubtend  (art.  16,).  Fig.  12^ 
Becaufe.the  greateft  angle  obfervabte  will  be  meafured  by  four 
times  the  arc  KF,  it  fcdlows,  that  the  arc  KF  muft  not  be  lefs 
than  one  fourth  part  of  the  greateft  angle  intended  to  be  ob- 
ferved by  this  conflruflioa  ^  if  the  inclination  denoted  by  the 
arc  KF  be  fixed  at  io%  four  times  that  angle  being  40^  will  be: 
greater  than  the  apparent  diameters  of  the  fun  or  any  of  tha 
planets. 

19.  It  remains  to  infeif  from  the  preceding  conftru£licn  (fig* 
a),  the  adlual  meafure  of  the  angle  fubtended  by  the  objeds 
obierved.  This  muft  be'  efieAed  by  computation,  which  will 
not  only  ferve  as  an  illuftration  of  the  theory,  but  af&rd  means 
of  eftimating  and  comparing  the  errors  in  the  angle  deduced, 
occafioned  by  the  unavoidable  erxors  in  obfervation  and  pra6lical 
conftru£tion ;  an  exanaination  extremely  ufeful  in  aftronomical 
fybjefks :  next  to  removing  errors  entirely  from  obfervations, 
which  is  fcarccly  to  be  hoped  for,  the  leiTening,  circumicribing» 
and  reducing  them  within  known  limits  is  an  object  of  prin- 
cipal confequence.  * 

zo.  The  conftrudion  of  fig.  2.  remaiamgf  through  the 
points  F  and  I  (fig.  1 4.)  draw  the  great  circle  FI.  Bifefi  FI  in 
Q^  and  through  the  points  K  and  Q^raw  the  arc  KQ^  which 
will  be  perpendicular  to  IF.  To  determine  by  computation  the 
arc  ED  which  meafures  the  angle  fubtended  by  the  obferved 
objefts,  three  fpherical  triangles,  KQF  or  KIF,  IFB,  and 
DBE,  muft  he  fol ved,  for  which  the  data  are  evidently  fuflBraent ; 
5  ^r 
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•or  the  value  of  ED  may  be  obtained  from  the  folution  of  two 
triangles  KQF  and  DFL,  with  the  proportion  demonftrated  in 

21.  To  proceed  with  the  computation,  through  D  draw 
the  arc  DL  perpendicular  to  FI,  and  let  the  fine  of  QKF  r:^, 
being  the  fine  of  half  the  arc  OP,  the  meafure  of  IKF  :  put  the 
fine  of  KF  =  j,  the  fine  of  DF  =  w,  the  fine  of  DFK  =  »,  ra- 
ilius  =  I  •  In  the  right-angled  fpheiical  triangle  KQF,  the  pro- 
perties of  fpherics  give  this  proportion :  as  radius  to  the  fine 
of  KF  fo  is  the   fine  of  QKF  to  fine  of  QF ;    wherefore 

fm.  QF=J/;    cof.   QFzzy/i^sYi  and  fin.   FI  (FI  being 

double  to  QF)  =  zsp  x  s/i  -*^*/**  Moreover,  becaufe  as  rad. 
to  cof.  QK  fo  is  cof.  QF  to  cof.  KF,  wc  have  cof.  KQr: 

M^IEL. ;  and  fin-  KQ  =  >^I£.  And  fince  as  rad. :  fin.  QFK 

fo  is  fin.  KF  to  fin.  KQ ;  this  proportion  gives  fin.  QFK  :s 
^lJ  ^^*   ;    and  becaufe  the  fine  of  the  angle  LFD  is  the  fine  of 

the  difference  (or  fum)  of  the  angles  QFK,  DFK,  of  which 
the  fines  are.  fin.QFK  =g  ^Llut—  juft  found,  and  fin.  DFK  s:  it 
hj  the  data,  we  have  from  the  rules  of  trigonometry, 


fin.*DFL  = 


_  ^i^p 


X 


and  fince  in  the  right-angled  triangle  LDF,  as  rad. :  fin.  DF ::  fin. 
DFLi :  fin.  DL,  and  by  the  problem  fin.  DF  ^mit  appears,  that 

*  If  the  points  P  and  QJbc  on  different  *  fidci  of  the  point  O  as  they  arc  rtprc- 

iented  in  the  conftrufiton,  the  laft  term  will  be  aflfefted  with  the  £ga  —  :  if  P 

and  Q  be  on  the  fame  fide  of  O,   the  fign  of  the  laft  term  wiB  be  -f .    It  may  be 

here  obferved,  concerning  the  geometrical  conftru£tion  (fig.  a*  and  3.)  that  when 

P  and  Q^are  on  dificrent  fides  of  O,  the  angle  obferred  £D  will  be  greater  than 

when  thofe  points  are  on  the  fame  fide  o^||;he  initial  point  O,  the  area  OP,  O/, 

being  equal. 

^  Comptrc  fig.  s. 

li  i  2  fior 
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lUl.  DL  =  -— ^ ^ ,  _  ^ipit^  ' 

and  the  fqware  of  the  cofine  of  DL 

•»•  <  r  -  '  _  _     ■■■  — ^-^—         1 — 


i-iy 


The  fine  of  IF  was  {hewn  to  be  2J/x  v/i -^i  jj\  and  its 
fquare  =  4^*/*  x  i-sy  :  moreover,  it  was  denionftrated  in 
»rt.  9.  that  as  Tad*  :  col.  DL*  ::  tin.  IK'  ;  lin,  jED'  which 
gives,  by  fubftituting  the  values  of  col.  DL*  and  lin.  iF*,  and 
multiplying  the  col.  DL*  into  lin.  IF*,  lin.  iED*  = 

and  the  cofiae  of  \  ED*  = 


t-4.yx  i-jy-;7iH/»^«Hp'^*-2/^V+/;*Vi>*dt2/«>X'/i-i*x  %^T^x  Vi-// 

finally  the  cofuie  of  ED  is  therefore  = 

22.  The  particular  cafes  inferred  from  the  geometrical  con- 
ftruftion  may  be  compared  with  this  analytical  value  of  the  cofihe 
of  ED,  or  of  the  angle  fubtend^d  by  the  obferved  objeds.  Jf 
j=r  I  and  «=  I,  by  fubftituting  i  for  s  and  n in  the  expreflion 
juft  found,  we  (hall  have  the  cofine  of  ED  =  i  —  8/*  +  8/%  which 
is  the  cofine  of  an  arc  four  times  greater  than  that  of  which  the 
fine  n/.  This  anfwers  to  the  properties-of  hadley's  inftrument, 
in  which  KFor  the  inclination  of  the  reflefting  planes  to  the  plane 
of  motion  is  90%  audits  fine  =1  =i;  moreover,  in  haolby^^ 
itiftrumcnt,  the  fixed  plane  of  reflexion  at  the  unmoved  fpecur 
lum  is  parallel  to  the  plane  of  motion,  and  therefore  perpendi- 
cular to  any  fccgndary  of  that  plane ;  its  inclination  to  any  fe- 

condary 
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condary  therefore  will  be  90",  and  the  fine  of  this  inclination 
zzizzn  by  the  problem.  And  fince  p  is  the  fign  of  half  the 
inclination  of  the  refleftors,  the  angle  of  which  the  cofine  is 
I  —  8^*  +  8^*  will  be  twice  the  inclination  of  the  reflecting  planes, 
which  is  a  property  of  hadley's  inftrument.  In  the  analytical 
value  of  the  cofine  of  ED,  the  laft  term  is  affefted  by  two  figns  ; 
thefe  depend  on  the  pofition  of  the  fecondary  KP  and  the  in- 
terfeftion  Q  in  refpeft  of  the  point  O.  If  the  fecondary  KP 
or  the  index  CP  be  on  the  fame  fide  of  O  with  the  interfeSion 
Q  (fig.  2.)y  the  fign  of  the  laft  term  is  negative :  if  CP  and 
QJbe  on  oppofite  fides  of  O,  the  fign  of  the  laft  term  will, 
be  pofitive;  and  when  DFK=:^  or  180"^,  the  whole  term 
vaniflies,  becaufe  in   that  cafe  n=io.     Alfo,  if /w  =  o,  «=:i, 

j=  I,  or  if  ^=:  I,  the  laft  term  vaniflies.     When  /»=:  j  =  ---^^ 

KF  =r  45**  r  in  this  cafe,  ifnno  the  conftruftion  \yill  be  that  de- 
fcribed  in  art.  1 5.  and  the  tofine  of  theobferved  angle  ED  will* 
equal  i  —  2^%  the  other  terms  vanifhing :  and  becaufe  i  —  2^*  is^ 
the  cofine  of  an  arc  double  to^  that  of  which  the  fine  =  pj  it 

follows,  that    the  angle  obferved  will   be  equal  to  the  arc 

« 

defcribed  by  the  index  from  Oy,  of  which  the  fine  of  one* 
half  is  by  the  problem  n  p.  In  every  cafe,,  when  n=:Oy 
that  is,  when  the  fixed  plane  of  refledlion  at  the  unmoved  fpe- 
culum  coincides  with  the  primitive  fecoiidary  KO  (fig.  2.  and 

i'2,),  the  cpfine  of  ED  =  1  -  8//>*  x  i  ^s^p^-^m^+p'm*. 

23.  The  fine  of  ED  will  be  necefifary  (art.  27.)  to  afcertain 
the  variation  of  ED  from  the  truth  occafioned  by  errors  in< 
the  data ;  to  obtain  fin.  ED  let 

zzd:   then  (art.  21.)  from  the  value  of  cof.  iED*  we  have> 

fin.  ED  =  4,sp  X  y/J^  \/x  -  ^s^p%    Wlien  s  is  very  fmall,. 

an£ 
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and  «  =  0,  d^  i  —  ot* + m^p*  nearly^  which  gives 

fin.  EDrr ^5p X  ^i^m'^mY  neai'ly* 

24.  The  cofine  of  the  obferved  angle  xeprelented  by  ED 
(fig.  2.  and  1 4*)  in  the  conftruftion,  being  computed  from  the 
four  given  <^uantities  jft,  j,  m^  and  n,  if  either  of  thefe  fhould 
deviate  from  its  true  value,  the  angle  dediiced  will  be  erroneous  z 
and  from  the  general  expreflion  for  the  jcofine  of  ED^  an  clH- 
mat4on  of  this  error  will  be  obtained.  In  the  invefHgatton^ 
however,  it  muft  be  obferved,  that  although  the  fmall  incre- 
ments or  decrements  of  arcs  or  fines  are  aflUmed  proportional  to 
the  fluxions  of  thefe  quantities,  which  is  ftridly  true  only  ia 
the  nafcent  flate  of  the  increments  or  decrements,  yet  when 
the  given  variations  are  in  a  practical  fenfe  very  fmall,  the 
eftimation  of  correlponding  variations  will  be  in  ^eaeral  fiifli- 
ciently  exaft  for  practical  |fufpofes. 

25.  SmaU  increments  and  decrementSi  that  is,  !mdl  varia- 
tions, being  afifumed  proportional  to  the  fluxions  of  arcs  and 
of  their  fines  and  cofiaes,  if  the  variation  of  the  fme  or  co- 
fine  of  any  given  arc  be  known,  the  cotemporary  variation 
(Of  the  arc  will  be  for  the  moft  part  inferred  from  the  following 

proportions  1  as  fin,  :  rad.  ::  -cof.  :  arc;  and  as  cod  :  rad. :: 

lia! :  arc.  But  thefe  proportions  muft  be  ufed  under 
reftri6lions  very  xieceffary  to  be  inferted  in  this  place,  be- 
ing true  when  applied  to  the  intermediate  parts  of  the 
quadrant  only  and  failing  at  the  extremities;  for  example, 
at  the  very  beginning  of  the  quadrant,  or  at  the  very  end 
of  the  femi-circle,  the  variation  of  the  cofine  is  the  verfed  fine 
of  the  arcs  increment  or  decrement,  which  gives  the  proportion 

as  fin. :  2  x  rad.  ::  -co?.  :  arc,  being  wholly  difiercnt  from  the 
former :  in  like  ^anner^  at  the  very  extremity  of  the  qua- 

'      ^     •  drant, 
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irzotf    the  isKrement  of  the  fine  becomes  the  veried  fine 
€f  the  area  lail .  ipcrement,  which  gives  this  proportion :  as 


€of.  ^  2  xrad.  :r  ftnl :  arc.     And  fince  in  this  cafe  arc  — cofine, 
we  (hall  have, arc  —  V  a  >  Im.  radius  being  =r  i.      In  the  other 


parts  of  the  quadrant  which  are  not  very  near  it&  extremity^ 

arc=r^;  having  given,  Aerefbre,  the  variation  of  the  fine 

or  cofine  of  any  arc,  the  fine  or  cofine  being  known^  the 
cotemporary  variation  of  the  arc  itfelf  may  be  obtained,,  when? 
it  is  either  at  the  very  extremities'  of  the  quadrant  w  zt 
iome  diftanee  from  thofe  extremities.  The  difficulty  Bes  iit 
afcertaining  in  what  part  of  the  quadrant  the  value  of  the: 

arc  =  ^  =  "lin7   ^g^^    *^  ^^U    ^^^  ^^  value  exprefied  by 

arc  =  V  2  X  fin.  or  —  V  2  x  cof.  to  take  place.  This  leads  to 
a  general  propofition  comprehending  both  thei«  values  for  thc^ 
arc's  variation,  extended  to  every  part  of  the  quadrant. 

The  propofition  is  this  r  the  difference  of  the  cofines  is  to 
the  chord  of  the  diflfereuce  of  any  two  arcs,  as  the  fine  of  aa 
arithmetical  mean  between  them  to  radius ;  and  the  difference  of 
the  fines  is  to  the  chord  of  the  difference,  as  tiie  cofioe  of  the 
iatne  arithmetical  mean  to^  radius.  Let  AF,  AF  (fig.  15.)  be^ 
tfie  g^ven  arcs ;  BF  their  difference ;  BL,  FH,  the  fines ;  CL,. 
CH,  the  cofines  of  the  arcs  AB,  AF,  refpeftively  ;.  join  CA,.CB, 
CF,  and  FB ;  FB  will  be  the  chord  of  the  difference  of  the  arcs 
AF,  AB.  Through  B  draw  BG  parallel  toCA ;  then  HL=^BG 
will  be  the  difference  of  the  cofines^  and  FG  the  difference  of 
the  fines.  BifeiSk  FB  in  D,  fo  (hall  DA  be  an  arithmetical  mean 
between  the  arcs  FA,  BA  ;  join  DC,  which  will  interfe£t  FB  at 

light  angles  in  £ :  through  D  and  £  draw  DK,  £I|  perpendicular 

to 
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to  CA  :  DK  will  be  the  fine,  and  CK  the  cofine  of  the  mean 
arithmetical  DA :  the  fimilar  triangles  CEI,  CDK,  FGB,  give 
the  following  proportions : 

HL  or  GB  :  FB  ::  DK  :  DC,  and 

OF  :  FB  :t  CK  ;  DC,  which  was  the  propofition 
to  he  demonftratcd  *• 

*  Wiicn  FB  (fig.  15)  18  *)  finril  in  comparifcn  "of  FA,  that  FG  (hall  be  cra- 
nefcent  in  comparifop  of  FH,  FH  and  BL  will  be  in  the  ratio  of  equality, 
md  confcqucntly  the  ratio  FH  :  FC  equal  to  the  ratio  BL  :  BC,  or  to  the  ratio 
DK  :  DC  ;  for  this  reafon,  and  becaiife  it  has  been  proved,  that  as  HL  :  FB  :: 
DK  :  DC,  it  follows^  that  as  HL :  FB  11  FH  or  BL  :  BC,  that  is,  as  the  ranatiofi 
of  the  oofioc  is  to  cotemporary  variation  of  the  arc,  fo  is  the  fine  of  the  varying 
arc  to  radius ;  and,  for  fimilar  reafons^  as  the  variation  of  the  Aoe  is  to  ibe 
cotemporary  variation  of  the  arc,  fo  is  the  cofine  to  radius. 

If  BA  be  fo  diminiflied  that  FG  fhall  bear  a  finite  proportion  to  FH,  and  too 
great  to  be  neglcfled,  BL  wiTl  not  be  either  to  FH  or  to  DK  in  a  ratio  of  equa* 
lity :  confcqucntly,  FH  or  BL  muft  no  longer  be  fubftituted  for  DK  :  as  BA 
becomes  lefs,  FB  being  ftill  fuppo&d  evanefcent,  DK  approximates  to  the  fme 
cf  jFB  'to  which  it  is  ultimately  equal  when  B  and  F  arecoinciding  with  A  (fig.i6.). 
In  which  cafe  the  proportion  will  become  as  HL  or  HA  :  FB  or  FA  ::  |FA  :  to 
C  A,  that  is,  as  the  v^rftd  ^t  of  FA  is  to  the  arc  FA  fo  is  half  the  arc  FA  to  radius, 
4>r  fo  is  the  arc  FA  to  diameter. 

The  propofitions  which  have  been  demonftratcd,  comprehend  the  variatbo 

■ 

ef  the  arc  exprefled  in  terms  of  the  cotemporary  variation  of  the  fine  or  tofine 
in  every  part  of  the  quadrant  without  limitation,  it  being  only  allowed  to  fub- 
ftitute  xhe  arc  FB  inftead  of  its  chord,  thefe  quantities  approssioiatnig  the 
more  nearly  to  equality  as  FB  is  finaller,  and  being  ultimately  equal  in  their  eva- 
nefcent  ftate.  Moreover,  it  will  he  eafy  from  what  has  prece4cd  to  conftrtti5t  a 
plane  right4incd  ti'iangle,  which  jhall  be  fimilar  to  the  mixtilinear  triangle  con* 
tttned  under  an  arc,  its  fine  and  vcrfed  fine  when  they  are  diminiihed  fine  limice. 
Let  FA  (fig.  i6.)  be  any  arc,  FA  the  chord,  FH  the  fine,  CH  the  cofine  of  the 
i^rc  FA.  Bife^t  FA  in  D,  join  CD,  and  draw  the  right  fine  DK :  then  will  the 
plane  right4ine<l  triangle  KD,C  continually  approximate  to  fimilarity  with  the 
mixtilinear  triangle  FPAH  as  FA  becomes  fmalleri  and  the  two  triangles  will  be 
Ultimately  fimilar  when  FA  is  vaniibinj;. 

3  By 
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Tromthefe  geometrical  proportions,  having  given  aoy  arc  and 
the  variation  of  its  fine  or  cofine,  the  cotemporaiy  variation  of 
the  arc  may  be  eflimated  by  computation  in  general  for  anjr 
part  of  the  quadrant.  Let  the  fine  of  any  arc  be  /,  the 
cofine  — r,  the  chord  of  the  arc's  variation  ^x^  the  given  varia- 
tion of  the  cofihe  ^  ^,  or  the  given  variation  of  the  fine  =2  b^ 
radius  tr  i  ;  then  if  the  cofine  of  the  arc  increafes  by  the  dif-* 
ference  d^  the  chord  of  the  cotemporary  decreafe  of  the  arc,  or 

—  x=  V  2J*— 2//(tr=t=  V2/- 2rfc  —4^* 
and  if  the  fine  of  the  given  arc  increafes  by  the  difference  b 

which  are  the  mathematically  true  values  of  the  chord  FB, 
and  will  approximate  to  the  magnitude  of  the  arc  FB  as  that 
arc  is  continually  diminiflied.  The  following  expreffions  for 
the  chord  of  the  variation  $c  are  more  compendious,  and  will 
be  fufficiently  near  the  truth  when  FB  is  very  fmall. 

In  thefe  four  expreflions  it  muft  be  obferved,  that  the  fine  and 
cofine  are  fuppofed  to  vary  by  increafis :  fhould  the  variation 
be  a  decrement,  the  fign  of  x  and  of  i  or  d  muft  be  changed. 

26.   Let   the  quantities   p^  j,  iw,  «,    vary    by    fmall    in- 
•    *     .     «. 
crements^,  j,  w,  «,  refpeftively,  then  to  obtain  the  cotempo- 
rary variation  of  cof.  ED,  becaufe  (art.  2 1 .) 

Cof.  ED  =  I  -  8 jy  X  I  ^s'p'  -  m'  +  m^n^  +  m^p*  -  zp^mW  + 

m^iii^p^  =t=  zm^np  x  \/i  — /*  x  v/i  - «*  x  v/i  -  j% 
by  taking  the  fluxion  of  the  equation  we  have 

Vol,  LXXI.  K  k  k  CoC 
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rt  / — 


«* 


• 

27.  This  value  of  col'.  ED  is  expreffed  in  terms  of  the  va- 
riation of  the  fines  of  the  given  quantities :  if  it  be  neceffarjr 
to  cxprefs  coITED  in  terms  of  the  variation  of  the  arcs  them- 
felves,  it  muft  firft  be  confidered  to  what  part  of  the  quadrant 
they  belong :  for  example,  if  j  be  a  fine  of  an  arc  b  not  very- 
near  the  extremity  of  the  quadrant,  and  the  variation  be  j,  the 

coteniporary  variation  of  the  arc  i  will  be  — rLrr  >  but  if  the 

variable  arc  be  nearly  =  90"*,  and  becomes  exaftly  equal  to  it 

ultimately  having  varied  by  a  fmall  arc  i  of  which  the  verfed 

line  =  'y;  then  will -i  =  the  verfed  fine  of  ^  and  —b^vzv. 
Laftly,  if  the  variable  angle  approximates  to  90'',  but  is  not 

equal  to  it,  and  the  variation  of  its  fine  fhould  be  =  x,  the  co- 
temporary  variation  of  the  arc  muft  be  obtained  from  the 
general  theorem  in  art  25.  When  either  of  the  two  lat- 
ter cafes  happen,  the  variation  of  the  arc  muft  be 
determined  for  each  particular  cafe ;  but  it  will  be  neceflary 

to  give  a  general  expreflion  for  cof.  ED  in  terms  of  the  varia- 
tions of  the  given  arcs,  of  which/,  J,  iw,  n^  are  the  refpeSive 
fines  when  thefe  arcs  are  at  Ibme  diftance  from  90° ;  this  is 
contnhied  in  the  next  article. 

7  28.  Let 


of  the  Angle  fuht ended  hy  Two  OhjeSts^  Sec.  4^5 

^B.  Let  the  angle  QKF  =  ^  (fig.  1 4.) ;  the  arc  Kf" = ^ ;  the  arc 
DF  =  r,  and  the  angle  DFK  =  d ;  their  refpeftive  increments 

being   a^  h^  r,  and  d^  their  fines  /,  j,  m^  and  z?^  and  the  co-' 

temporary  increments  of  their  fines  /,  j,  m^  and  w  .•  from  the 

proportion  contained  in  art.  24.  we  (hall  have  p=^ax  vi  — /*, 

s^by,  VI  -  i%  /«  =  c  X  %/ 1  —  «?*,  and  n^dx  s/i  -  »*,   which 

being  fubftituted  in  the  value  of  col.  ED  laft  found  will  give 

V7::7» 

'    >»>/>  X  v^  i~*  X  »^  I  -/ X  2  -  3f* 

*^    ■  ■  J— _—       .  ■  ■       . 


+  i6i*Ai*X  ^i  -»  x^x  -«+a;>*»-^y«H=<^ ,> >/ •• 

This  quantity  (art.  23.)  being  divided  by  the  fme  of  the  ob- 
ferved  angle,  the  variation  of  that  angle  or  ED  will  be  the 
quotient. 

29.  In  ch^  expreffion  for  cof.  ED  contaiiied  hi  art:  ^6.  the 

variations  /,  i\  m^  and  n^  ar6  arbitrary,  as  are  a^  h^  r,  and  d^ 
in  the  laft  article.  If  a  condition  be  annexed  to  the  variation 
of  any  of  them,  two  or  more  may  become  dependant'  on  each 
other ;  and  their  relation  muft  be  determined  by  the  nature  of 
the  cafe.  Moreover,  if  one  or  more  of  the  given  arcs  and 
their  fines  Ihould  be  correft,  the  variations  correfponding  arid 
all  the  terms  multiplied  into  them  will  vaniih.  To  give  an 
example  of  the  ufe  of  thefe  exprefllons  before  they  are  applied 
to  the  immediate  purpofe  of  examining  the  new  conftru£tions 

K  k  k  2  ^         defcribed 
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defcribed  iruart.  1 5.  and  16.  let  it  be  required  to  afSgn  what  error 
is  occafioned  in  obferving  a  given  angle  with  a  hadley's  feftant^ 
in  which  the  telefcope  is  parallel  to  the  plane  of  motion,  but 
the  two»refle(5tbrs  deviate  from- their  perpendicular  to  that  plane 

by  a  fmall  angle  b.     Suppofe  the  error  of  half  the  arc  pointed 

to  by  the  index  to  be  a^  and  confequently  the  errpr  of^  the  fine 

of  half  that  ♦  arc  =  j  x^  v^i  — ^'  —p  :  m  this  cafe,  becaufe  the 

inclination  of  the  refledlors  to  the  plane  of  motion  is  nearly 

=  90"*,  the  variation  of  the  fine  will  be  eq>ual  to  the  verfed  fine  o£ 

the  fmall  zrc  b^  by  which  the  inclination  deviates  from  90** ;  let 

V  be  the  verfed  fine  of  ^,  then  will  -  j  =  v  (x  varying  by  a  de- 
crement of  a;).  Moreover,  becaufe  a  condition  is  armexedy.which 

is,  that  the  line  of  obfervvation.  is  parallel  to  the  plane  of  mo- 

•     •  •    * 

tion,  the  variations  j,  m^  and  n^  will  be  dependent  on  each 

other.  To  ihveftigate  their  relation  let  FO  ^i  (fig.  7.)  be  tha 
fmall  arc  which  meafiires  the  deviaffon  of  the  refledtors  from 
the  perpendicular  to  the  plane  of  motion :  then,  becauffe  fin, 
DO  =  nij  and  fin.  DOF  =  « ==  i  by  the  problem,  when  F  from 
having  been  coincident  with  O  has  moved  through  the  arc  0F„ 

it  is  plain,  that  n  =  fin.  DFO  -  fin.  DOF  =  {n  being  a  decre- 
ment) ^   but,    by   the  +  properties'  of  fpherics,  cof.  DFO  = 

v^l^^^^  and   Fa  being  veiy'fmalJ,  the 

*  p  here,,  as  in  the  general  folution^  denotes  the  fine  of  half  the  arc  to  which 
the  index  on  the  plane  of  motion  is  'dire6^ed,  that  is,  p  :r  the  liae  of' one-fourth 
of  the  angle  obferved  in  Mr.  hadley^s  conftruffion. 

f  Fig*  7»  as  rad.  :  cotang.  DF  ::  tang*  FO  :  cof.  DFO,  that  is,  FO  being  very 

finall,and  therefore  FO  =zi  X  verfed  fine  of  FO^  as  rad. :  cotang.  DF  ::  V^iv;  cof. 
DFO  :  by  the  problem  fin.  DF-rrw,  and  coC  DF = V^  1  -  ot%  .  whcrcfore.cot*  DF=: 

^'"'^^  which  gives  coC  DFO  =K'iv k  —llfL*. 

fine 
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fine  of  DFO=  i  —  ^^^T"* , from  which  i  =  fin. DOF being fub- 


traded  leaves  g'=""^^^t^^;  orbecaufe  j=  -v,  fi=±LiLLz^. 


nr       '  '  ni- 


Moi-eover,  the  *  quantity  i-H-  in  the  nafcent  ftate  of  1  -/  and 
\^n  =  -^ :  and  v/i^  =       ^    .     Making  therefore  in  the 

I  —  III*  >  I  —  //  4/  •         ^  X  ° 


I 

general  expreflion  contained  in  art.  26.  r^^  ^""^'  =  ^^   —  ^  =  / 


VItp 


1 6/*  V  X  2  -  3^*  -  w*  +  ip'ni'ispLzmp  x  v^i  -  /»*  x  v/i  -/*:  and 
becaufe  the  fine  of  the obfervedanglle  is  4^  x  y/TITp  ^  i  —  2^* 
the  error  of  the  obfervation  itfelf,  that  is^ 

In  this  example  the  pofition  of  the  telefcope  has  been  fup- 
pofed.exaftly  in  the  plane  of  motion;  fhould  it  be  in- 
clined to  that  plape  at  a  fmall  angle,  of  which  the  verfed 
fine  =5:  V,  the  pofition  of  the  refle<£tors^  and  the  arc  pointed  Xa 

m 

by  the  index  being  correft,  the  general  value  of  cof.  ED  will 


v7Z7» 


give  the  error  of  the  obfervation,  or  £D  = — ^^^^    \  ^  4. 


30.  To 


•  The  nafcent  value  of  IZLi*  ^Zl'J  j ,  but  ^  =  7^  ""  '"'"'  =  ■^'^\-'^'' . 

vhescfore  =  = s ,  whca  i  and  n  arc  nearly  =r  z. 

I— «*      I— m 

"t  When  the  Qofition.  of  the  telefcope  only  is  erroneous^  the  points  F  and  O^ 

coincidft: 


>  I 


426  Mr.  atwood's  Theory  for  the  Menfuration 

30.  To  exam'me  in  what  degree  an  obUbrvation  taken  by  the 
new  conftrudlion  defcribed  in  ayt.  15.  is  afFefted  by  known 
errors  in  the  given  quantities,  let  the  refleftors  B  and  C  deviate 
by  excefs  from  their  true  angle  of  inclination  to  the  plane  of  mo- 
tion  by  a  fmall  angle  +b:  let  the  angle  of  incidence  on  the 
fixed  fpecuium  be  too  great  by  the  increment  c :  let  the  fixed 
plane  of  refleftion  deviate  from  the  fecondary  KO  with  which 
it  ihould  conicide  by  a  fmall  angle  di  and  laflly,  let  the  error 
of  the  arc  pointed  to  by  the  index  be  =  2  /i;  then  thefe  variations 
are  arbitrary,  no  condition  being  annexed.     Moreover,   by  the 

conflrudlion /w  =  j  =  -T=,    and  «  =  o,    which  values  being  fub* 

ftituted  in  the  general  cxpreflion  contained  in  art.  aS.  we 
ihall  have* 

and  becaufe  the  fine  of  the  angle  meafured  =  2^  x  v^  i  -  ^*, 
the  error  of  the  obfervation  required,  or 

coincide  (fig.  7.)  let  the  inclirratba  of  the  telefcope  to  the  plane  of  motion  with 
vhich  it  flioiddcoincide^  be  meafured  by  the  fmall  arc  J>di  then  the  correljpoD^iQg 
variation  of  the  angle  DOK  will  be  DO^.    Let  Ddzzty  and  its  vericd  fincz:  v; 

fince  the  fin<  of  DO=iiif»  and  the  fine  of  DOK:z  i  =»  by  the  problem,  m  ==  the 

verfed  fine  of  DOd;  but  DOdzz— ,  and  the  verfed  ime  of  DOd  zr  — (=-=  : 

m  zm      m 

•    — v  •  • 

ifi4iercfore  »=— r-    This  being  premi&d,  it  appears  from  art.  16.  wfaen^,  and  i, 

^r^  -  n^  that  ^/ ED  ^  4-  1 6  ^ym^n  X  ■«  4-  ^p»i,-iy «,  ^^ '^>^/'^X^  '^^^^ 


^I-ii* 


in  which  qnantity,  fabftitnting  i  for  j,  x  for  ii,  and  —^  for  »,  wc  ihall  have 


cof.  ED=:  +  i6^*wXi-^%    which   being  divided  by /he  fine   of   the  obfcivcd 
angle  =:  4/  X  ^  i  — /*  X  t-j>  ,the  quotieat  will  be  the  variation  ofthat  angle  or  £D= 

— rr;^» — 
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EDs=2a+2/^x\/i  -/-2/rx  v/i  -/=fc=v^2/V* 

It  appears  from  the  firft  term  2^,  th^f  an  error  in  the  arc 
pointed  to  by  the  index,  caufes  an  equal  error  in  the  obferved 
angle;  whereas  a  double  error  is  caufed  by  it  in  hadley's 
iextant,  which  gives  the  new  conftruftion  confidcrable  advan- 
tages :  to  counter-balance  thefe  the  errors  ip  H adley*s  conftruc- 
tion^  caufed  by  a  wrong  pofition  of  the  reflefting  planes,  &c.  are 
almoft  evanefcent ;  whereas  the  three  laft  terms  in  the  value  of 


tD  juft  found,  may  become  coniiderable,  unlefs  great  care  be 
taken  in  making  the  adjuftments  :  the  feparation  alfo  of  the 
images,  when  in  contaft,  caufed  by  any  unfteadinefs  of  the  in- 
ftrument  will  be  greater  than  in  Mr.  hadley*s  conftrudlion  *  ; 

but 
• 

*  The  variation  of  the  obferved  angle  ED  will  fhew  how  much  the  images  feen 
in  conta6t  in  the  field  of  the  telefcope  will  appear  to  divaricate  on  any  motion  of 
the  entire  conftru6^ion.  For  example,  while  the  images  of  the  obferved  dbje£ts 
are  coincident  in  the  field  of  the  telefcope,  fuppofe  that  Mr.  hadley's  inflrument 
were  turned  round  in  its  own  plane  through  a  fmall  angle  :  here  j,  »,  and  p^  not 

being  affet^ed  by  this  motion,  it  follows,  that  j,  ;i,  and  /  =  o,  mzziht  fine  of  the 
angle  of  incidence  on  the  fixed  fpeculum,  being  the  only  quantity  which  fuffers 

alteration  :  let  its  variation  =  m,  which  will  give  from  art.  26.  the  correfponding 
variation  in  the  coilne  of  the  obferved  angle,  or 

Cof.  ED=  +  ibi'p^mm x  \-fC-p^  +  ip'n^-i'p^n^'z^ipnyy  i-n^ X »J i-j^  x  t/T^ 
=0,  becaufe  n=rj=:i«  Wherefore  any  motion  of  the  images  in  the  plane  of 
theinftrument  will  not  caufe  the  leafl  feparation  of  them.  Now  fuppofe  the  whole 
to  be  turned  on  an  axis  fituated  in  the  plane  of  motion,  and  perpendicular  to  the 
telefcope's  axis :  if  the  angular  motion  be  meafured  by  an  arc  of  which  the  verfed 

fine  =:i;,  the  points  in  contafl  will  be  fcparated  through  an  angle  -=. — ^ — \ — 5 —  » 

p  being  the  fine  of  one  quarter  of  the  angle  obferved ;  but  the  quantity  v  being 
very  fmall,  when  the  angular  motion  does  not  exceed  30^  the  divarication  of  tho 
images  will  be  inconfiderable.  All  oblique  motions  of  the  telefcope's  axis,  and 
confequently  of  the  image  feen  by  diied  rays,  may  be  refolved   into  thofe  that 

have 
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but  la  meafuring  the  fmaller  angles,  this  feparation  of  the 
images,  as  well  as  the  errors  exprefled  by  the  three  laft  terms 
will  be  greatly  diminifhed  while  that  which  is  denoted  by  ^a  con- 
tained in  the  firft  term  is  not  increafed.  On  the  whole,  from 
the  properties  which  have  been  demonftrated  to  belong  to  this 
conftruftion  defcribed  in  art.  15,  it  may  feem  worthy  of  atten- 
tion in  praftice,  for  fome  aftronomical  as  well  as  other  ufes, 

3 1.  By  the  fame  way  of  examination  it  may  be  judged,  whether 
the  method  of  obferving  by  two  reflexions  from  plane  furfacesbc 
applicable  to  the  rtienfu ration  of  fmall  angles,  according  to  the 
conftru^tipn  defcribed  in  art.  16.  Let  the  errors  of  the  four  given 
quantities  (as  in  the  laft  article)  be  %a  ^  the  error  of  the  arc 

have  been  confideredy  which  are  perpendicular  to  each  other :  and  from  hence  the 
reafon  appears,  why  the  motion  of  a  fliip  at  fea  does  not  much  difhirb  the  obfer* 
vation  of  angles  by  Mr.  hadi-ey's  inftrumcnt. 

The  new  conilru^Stion  defcribed  in  art.  15,  is  not  to  well  adapted  for  obfervatioa 
where  it  cannot  be  ileadily  fixed.  When  the  images  are  in  contaifl,  if  the  iodru- 
ment  be  turned  in  its  owa  plane  through  a  fmall  angle  d*  the  feparation  of  the 
images  will  be  :=  2/'^*  (bccaufe  ^/"  =1  *^  2 /'^  vid.  p*  426.)  p  fignifying  the  fine 
of  half  the  obferved  angle  :  this  it  is  evident  will  moft  affedt  the  obfervation  of 
the  larger  angles ;  but  in  mealiirin^  thofe  that  are  fmall,  the  divarication  will  be- 
come inconfidcrable.  Moreover,  if  the  angular  motion  of  the  inflrument  be  i*\ 
when  it  turns  round  an  axis  in  the  plane  of  motion,  and  perpendicular  to  the  telc> 

fcope's  axis,  the  feparation  of  the  images  will  be  zi  ig^py,^ i--}?'^  p.  426.  which 
it  is  plain  will  moft  diOurb  the  obfervations  of  angles  about  90%  but  will  icarceJy  alter 
the  contact  of  the  images,  when  the  angks  meafured  are  very  fmall,  or  near  r8o\ 

The  objc£Vs  obferved  and  their  images  are  here  vnderftood  to  be  phyfical 
points:  thus,  when  the  two  images  of  the  fun  are  feen  by  dired  and  refieSed 
rays,  and  the  limbs  appear  precifely  in  conta6^,  if  by  any  motion  of  the  in(hii- 
xnent  the  contact  is  diilurbed,  the  points  which  before  touched,  bein^  the  obferved 
objeds,  .are  faid  to  be  feparated,  whether  th«  centres  of  the  folar  images  appit>ach 
•or  recede  from  each  other,  the  feparation  bebg  eftimatcd  in  the  dire£tion  of 
s^i  arc  which  palTes  through  the  centers  of  the  two  folar  images. 

Experience  mull  determine  in  what  degree  this  feparation  of  the  images  will 
^ifturb  obfervations  taken  at  lea  with  the  new  con&ni&ioa. 

3  pointed 
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pointed  to  by  the  index ;  b  =  the  error  of  the  inclinatbn  of  the 
refledlors  to  the  plane  of  nv)tion  ;  c  =  the  error  in  the  angleof  inci- 

dence  on  the  fixed  fpeculum ;  and  ^=  the  incHnatlon  of  the  fixed 
plane  of  refleftlon  to  the  primitive  fecondary  with  which  it 

fhould  coincide.     Referring  to  the  general  value  of  cof.  ED^ 
(art.  28.)  and  making  n=^o  we  (hall  have 

+  i6iy^///x  ^i-ot'x  i-p^-^ib/h^rux  v^i~rx  ^1-/*, 
and  becaufc  s  being  very  fmall,  the  fine  of  ED  (art   23.)  ap- 

proximates  to  41/  x  v/i  -//i*+^';/;%  the  error  of  the  obferva- 
tion  itlelf,  or  t-D  =  ^ ^  ^  — — ^i-~i^ — 


4^^  X  ^^I-i*  X  I  -  2/>*J*-  fA*  +  wV 
"r" 


*--a 


^  AJpmcX  ^  I  —  w^x  I  -^ 


4m*/)*i//x  vVi -r  X  ^  1  -/>', 


The  firft  term  of  this  exprefilon  gives  the  relation  be- 
tween any  fmall  variation  in  the  arc  pointed  to  by  the  index, 
and  the  correfponding  alteration  m  the  angle  obferved.;  if 
therefore  the  variation  on  the  divided  arc  be  any  fmall  angle 

It  2^,  +  or  —  the  firft  term  will  exprefs  the  variation  by  which 
the  obferved  angle  is  increafed  or  diminiflied.  According  to  the 
magnitude  of  m  and  s  aiTumed  for  this  conftruftion  m  being  the 
fine  of  7%  and  J  =  the  fine  of  10',  it  appears,  that  at  the  very 
beginning  of  the  fcale  one  fecond  of  a  degree  In  the  angle  ob- 
ferved correfponds  to  fomewhat  lefs  than  three  minutes  on  the 

divided  arc  OP;    that  is,    when  2<2  =  about  173'^  £D=i'^, 

r,  bj  and  d^  not  being  here  confidered.     When  /  =  f ,  the  in* 

dex  then  pointing  to  60"",  one  fecond  in  the  obferved  angle  cor- 

VoL-  LXXL    .  L 1 1  ^        xefponds 


I 
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refponds  to  about  199''  in  the  divided  arc  OP  :  when^  is  nearly 
=  I ,  the  index  being  then  dire£tcd  to  almoA  i  So**,  it  muft  defcribe 
above  2  degrees  to  m^ke  an  alteration  of  i'^  in  the  oblerved  angle. 
The  fecond  term  exprefles  the  variation  in  the  obiervation  oc- 
cafioned  by  an  error  b  in  adjufting  the  inclination  of  the  re- 
flefting  planes  to  the  plane  of  motion  ;  but  b  (art.  18.)  cannot 
exceed  \  of  tlije  leaft  angle  vifible  in  the  telefcope,  confe- 
quently  the  utrnoft  value  of  the  fecond  term  cannot  be  fb  great 
as  that  leaft  angle,  being  at  its  limit  when p=^\:  it  is  manl- 
fcft  when  p  is  fmall,  that  the  fecond  term  is.  fo  much  dimi- 
nifhed,  as  to  be  in  a  phyfical  fenfe  evanefcent.     The  fame  may 

be  faid  of  the  fourth  term,  containing  the  error  of  the  optical 

« 

adjuftment  d^  which  befides  \s  multiplied  into  s  the  fine 
of  io\  The  third  ternv  is  occafioned  by  the  error  c,  for 
which,  confiderable  latitude  mufl:  be  allowed,  fuppofe  3': 
to  eftimate  the  effect  of  this  error  on  the  obfervation,. 
let  a  cafe  be  afTumed :  let  the  index  be  directed  to  ^d" 
when  an  obfervation  is  taken  for  determining  the  angle  fub- 

tended  between  two  objefts :  then  will  /  =  -^  ^  by  fubfli- 

tuting-ir  for*,  the  fine  of  n""  for  m^  the  fine  of  10'  forj^ 

'  and  1 80''  for  c  in  the  third  term^  we  ihall  have,  by  com- 
putation, the  value  of  that  term,  or  the  error  in  the  obfer- 
vation ©ccafioned  by  this  deviation  of  the  angle  of  inci- 
dence from  its  true  magnitude  =2/^090  not  the  tenth  part 
of  a  fecond..  This  is  rather  an  unfavourable  cafe,  the  variation 
being  not  much  lefs  than  at  its  maximum  when  / =-p  •  if /i» 

fmall,  or  nearly  =1,  the  *  variation  will  be  wholly  infcnfible*. 

*  The  mriation  is  a  maximum  when^::  the  fine  of  35^  12^1  and  confeqneotljr 
fktarc  pointed  to  by  the  iiidex=:;o*  2^\.  Subftituting  therefore  the  fine  of  35®  1*^ 
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52.  From  contemplating  the  value  of  the  error  =  ED, . 
as  exprefled  by  the  four  terms  juft  referred  to,  fome  further  ob- 
fervations  are  fuggefted»  It  appears,  that  fetting  afide  the  error 
of  the  fcale  exprefled  by  the  firft  term  (the  angles  meafurecj  be- 
ing here  fuppofed  lefs  than  12'  56^'  33^^^)  ^^^  ^he  others  become 
fmaller  as  the  quantity  /,  and  confequently  the  angle  meafured 
is  diminifhed,  p  being  multiplied  into  each  of  the  three  laft 
terms.  This  is  a  material  circumftance  :  for  the  fame  given  error 
Would  affeft  the  menfuration  of  the  fmaller  angles,  in  a  greater 
proportion  than  the  larger.  Moreover,  if  ^=1^  or  approxi- 
mates to  that  quantity,  the  index  then  pointing  to  an  angle 
nearly  =*  to  1 80%  the  firft  term  and  the  two  laft  terms  become 
almoft  evanefcent,  not  only  from  the  circumftances  that  have 

been  confidered,  but  from  the  quantities  i  — ^%  s/i  -/»%  which 
are  multiplied  into  them*  This  alfo  the  obferver  may  avail 
himfelf  of :  for  fuppofing  he  (hould  know,  that  the  angle  of  in- 
cidence on  the  fixed  fpeculum,  and  the  fixed  plane  of  reflexion, 
^re  imperfectly  adjuftcd,  and  even  that  the  divided  krc  is  incor-^  ^ 
reft,  he  may  almofl  wholly  avoid  the  errors  which  they  would 
occafion,  by  fo  adjufting  the  inclination  of  the  jrefleftors 
to  the  plane  of  motion,  in  refpefl  of  the  angle  meafured,  that 

for  p  in  the  third  term,  (p.  429%)  every  thing  eUe  »in«kiiiig,  the  maximum  of 
variation  in  the  obferved  angle  on  account  of  3'  difference  in  the  angle  of  inci« 
dence  on  the  fixed  fpeculum  will  appear  to  be  zz  ^\o98k 

The  error  of  an  obfcrvatioft  occafioned  by  a  variation  x  iti  the  abgle  of  inci- 
te 
dence  on  the  fixed  fpeculum,  can  never  exceed  the  t^jt  P^^^  ^^  ^t  ^^ich  is  the 

maximum   of    cnor,     the  angle  meafured  being  zz  22'  56"  Si'"f    ^^*  index: 

then  pointing  to  70®  34',      The  error,  caufed  by  a  fmall  angle  d^  at  which 
the  fixed  plane  of  reflcdion  is  inclined  to  the  primitive  fecondary  with  which  it 

Ihould  coincide,    cannot   exceed*  the   ^ttt^  part   of    J,  which  is  its'  mffximum 
when  the  angle  meafured  u  31'  33"  3'",  the  index  then  being  direfted  to  109*  20'. 

L 1 1  a  the 
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the  index  fhall  point  to  fome  degree  near  to  i8o%  which  is 
done  by  n^aking  that  inclination  very  little  more  than  one- 
fourth  of  the  angle  to  be  obferved, 

33.  The  tables  i.  and  11.  are  calculated  for  taking  the 
diameters  of  the  fun  and  planets  :  the  conftruftion  being  formed 
on  the  principles  which  have 'been  explained  (art.  16.  17.  18. 
31.  32.  fig.  12.  13.)  The  fixed  plane  of  refleftion  is  coinci- 
dent with  the  primitive  fecondary,  and  confequently  «  =  ot 
the  common^  inclination  of  the  refleftors  to  the  plane  of  mo- 
tion =3  10' ;  and  the  conftant  angle  of  incidence  on  the  fixed 
fpeculum  —  7% 
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5* 

I 
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6» 
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2 
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1 
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32 
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46 

19 
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30 

59 

39 
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31 

12 

5> 
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3» 

25 

54 
48 
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3« 

38 
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31 

51 

34 
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32 
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32 
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39 
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32 

a8 

58 
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The  divarication  of  the  unages  while  they  traverfe  the  field' 
of  the  telelcope  during  the  time- of  an  obfervation,  and  the 
errors  of  the  obferved  angle  in  confequence  of  any  change  in 
the  quantities  m  *  and  n  (p.  429  )  (hould  they  appear  to  be  of 
fenfible  magnitude,  may  be  diminifhed  until  they  are  iii' 
phyfical  fenlc  evanefccnt,  by  altering  the  values  of  s  and  m 
(art.  31.)  :  for  this  purpofe  it  will  be  requifite  to  ufe  two  fe- 
parate  conftru£lions ;  the  one  for  obferving  very  fmall  angles, 
thofe,  for  example,  which  do  not  exceed  2' :  and  the  other, 
for  meafuring  fuch  angles  as  are  fubtended  by  the  fun  and  moon. 
Li  the  former  of  thefe  s  may  be  aflUmed  =  the  fine  of  30^', 
m  =  fin.  7%  and  «  =  0.  From,  thefe  data.  tab.,  in.  is  calcu- 
lated. In  the  other  conflru£tion,  becaufe  very  fmall  refledling 
furfaces  are  neceffary  to  obferve  the  fun  by  two  reflexions  (art. 
17.)  m  may  be  afTumed  =  fin.  1%  s  being  =  fin.  10',  and 
;i  =  o :  from  which  conditions  the  fourth  table  is  calculated. 
Thefe  tables  may  be  eafily  extended,  by  calculating  from  the 

value  of  cofl  ED  or  fin.  iED*  contained  in  art.  21.  or  22, 

♦  Let  the  tclcfcope  with  the  entire  conftru6tioD  be  (leadily  fixed :  thea  if  the 
obje£ls  obferved  be  in  conta6l  while  the  touching  points  occupy,  the  center  of  the 
field,  the  angle  of  incidence  on  the  fixed  fpeculum  will  be  of  its  true  magnitude ; 
that  is,  its  fine  or  m  will  =  fin.  7®  in  tables  I,.  11.  and  III.;  andw  =z  fin.  i""  in 
table  IV.  The  fixed  plane  of  reflection  alfo  will  be  coincident  with  the  primitive 
iecondaiy  in  all  the  conftru^ions  correfponding  to  tables  I.  II.  III.  and  IV.  The 
telefcope  continuing  unmoved,  the  diurnal  motion  of  the  heavens  will  caufe  the 
points  in  contadt  to  leave  the  center  of  the  field  5  this  willoccafion  no  alteration  in 

the  quantities  s  zndp,  but  will  affeft  m  and  n  only  :  therefore,  j  and^  z:  o.  To 

cftioiatc  the  effects  of  this  change  in  the  values  of  m  and  »,  let  mzzi' xV^i—m^^ 

and  nzzdx  *^  i  — »  ,  as  in  art.  28.  an4  fuj^ofe  a  line  to  be  drawn  through  the  centre 
of  the  field  in  a  plane,  perpendicular  to  the  plane  of  motion  :  this  line  will  be  in  the 
fixed  plane  of  reflection ;  and  any  deviation  of  the  points  in  contact  through  a 

iinall  angularfpace  r,  front  the  center  of  the  field  will  caufe  an  equal  variation  c  in 

thcr 
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the  angle  of  incidence  on  the  fixed  fpeculum ;  the  corrcfponding  fcparaticn  of 
^^^. i^.p.o 0,111  h.^^P'^cX     i-m  X  '  - />  fp  42^.)  ^hich  is  thcgrcateftpoffiblc 


\^  hen  p 


4 


4m 
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andizzfin^io',  as  in  tab.  I.  and  II.)  being  then  r: --—  ;  but  if  /rrfin,  30",  as  ii 

ib37 

tab.  IIL  the  greateft  fepaf ation  wil!  be  only ,  corrcfponding  to  Icfs  than  one- 

30740 

third  of  a  degree  for  the  images  motion  through  10'  in  the  field  of  the  tclefcopc* 
In  like  manner  let  a  line  be  drawn  through  the  center  of  the  fieW  perpendicular  to  the 
line  before  defcribedi  any  deviation  of  thepointsin  contaft  through  a  fmall  angle 

/  in  the  direction  of  this  line  will  caufe  the  plane  of  rc»le6tion  at  the  fixed  fpeculum 
to  be  inclined  to  the  primitive  fecondary  with  which  it  Ihould  coincide  at  an  angle  :r 

— ;  this  wUl  occafion  a  fcparation  of  the  images  z:  -— ^ —  ^  X     i— /> 

» 

(page  429.  ,^  being  there  fubftituted  for  d)  which  is  the  greateft  poffible  whca 


^  =  Y  —2^^^ r-i '.    If  i«  s:  fin.  7®  and  /  2:  fin#  io\  as  in  ub.  !•  and  U* 

•  • 

the  greateft  feparation  of  the  images  will  be  Sz  --—  « ^  •  but  if  j  r:  fin.  30" 

1828      X4996 

•  • 

e  i 

and  iwrrCn.  7°,  as  in  tab.  III.  it  will  only  =  -— —  sa  ',   which  atifwers  MS 
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a  divarication  of  lefs  than  i'*'  for  the  imaged  motion   through  10'  in  the  field 

of  the  telefcope,  in  the  direction  of  the  line  above  defcribed,  which  is  drawn 

through  the  center  of  the  field,  and  perpendicular  to  the  fixed  plane  of  refie£Hon. 

It  muft  be  renaemberedi  that   the  feparatlons  of  the  images  here  eftimated  are 

greater  than  can   poffibly  happen  in    thefe    conftruftions,  when  the  index  is 

dire^ed   to  any  other  porots  of  the  circumference  of  the  plane  of  motioa  (the 

diftance  of  the  images  from  the  center  the  field  not  ezcecdbg  10')  and  are, 

even  in  this  cafe,  phyfically  fpeakiog,  evancfcent. 
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XXVII.  An  Account  c/*/i6^  Ophidium  barbatumLiNNEL  By 
P.  M.  Auguflus  Brouflbnet,  M.  D. ;  communicated  by  Sir 
Jofcph  Bnnks,  Bart.  P.  R.  S. 
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THIS  fpecics  of  fifli  fcems  not  to  have  been  unknown  to 
the  ancients,  though  probably  they  confounded  it  with 
the  Conger^  to  which  it  bears  fome  ref^blance.  Perhaps  the 
early  Greek  and  Latin  writers  on  natural  hiftory  have  men- 
tioned it  under  the  name  of  Tragus^  or  Callarias ;  but  for  want 
of  defcriptions,  they  left  yxs  much  in  the  dark  concerning  it. 
PLINY  indeed  fpeaks  of  a  fifli  which  ap{)ears  to  be  of  this  fpe- 
cies  :  he  calls  it  Ophidion  ♦,  and  as  that  is  the  name  ^ven  to  it 
by  all  the  modern  writers,  we  are  obliged  to  accept  his  iyno- 
nymy  without  further  inquiry. 

The  firft  author  to  whom  we  arc  indebted  for  a  defcription 
and  figure  of  the  Ophidium  is  bellonius  ;  yet  it  appears^  that 
he  was  not  certain  of  the  name  of  this  fifti,  fince  he  calls  it 
Gryllus^  jalfo  congrus^  tragus y  afelli  /pedes :  nor  was  he  lefs 
doubtful  of  the  clafs  to  which  he  fhould  refer  it^  and  there- 
fore placed  it  among  the  Afelli ^  or  Gadi^  though  very  dif- 
ferent from  the  fpecies  of  that  family,  kondeletius,  who 
wrote  foon  after  bellonius,  has  given  us  a  better  defcription, 
and  a  more  accurate  figure  of  this  fifli,  which  he  calls  Ophidion^ 

*  OphidioQ  or  Ophidium,  though  the  beil  is  Ophidium,  is  not  a  good  generic 
name,  fince  it  is  a  diminutive  from  Of »;• 

3  with 
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witk  a;rrfenFnGe  to  tliny^  In  the  figure  of  belLonius  the 
cirri  are  very  ,111  reprefentcd^,  and  the  whole  fifli  appears  with- 
out  any  fpots,  whereas  in  the  plate  of  rondkletius  it  is 
covered  with  oblong  fpots.  This  remarkable  diflrerencc  be- 
tween the  "figures  of  thefc  authors  was  fufficient  to  determine 
GESNERUS,  and  others  who  have  written  fmce  their  time,  and 
who  are  to-  be  confidered  rather  as  compilers  than  authors,  to 
take  the  fifh  defcribed  by  bellonius  to  be  a  different  fpecies 
from  that  of  rondeletius.     . 

s 

WILLOUGHBY,  who  is  the  firfl  ichthyologift  who  has  given  us 
any  good  defcription  of  fifh,  treats  largely  of  the  Opbidium\  and 
in  his  account  defcribes  the  fcales,  which  are,  as  we  fliall  here*- 
after  explain,  oblong,  difUnft,  and  difpofed  without  any  regular 
order.  This .  defcription  was  fufficient  to  afcertain,  that  the 
difference  between  the  figures  arofe  from  rondeletius  hav- 
ing drawn*  the  fcales  omitted  by  bellonius  :  yet  the  authors 
who*  wrote  immediately  after  willoughby,  and  particularly 
RAY  in  his  Synopfis,  follow  gesnerus,  in  maintaining  tv^^a 
different  fpecies  of  cirrata  Opbidicy  one  with,  the  other  with- 
out,' fpots. 

ARTEBi  did  not  take  notice  of  the  fpots ;  he  defcribes  the 
fifh  in  a  genus  to  which  he  gives  the  name  of  Ophidion^  and 
places  that  genus  among  die  Malacopterygii.  After  him  klei-* 
Kius  once  more  took  notice  of  the  fpots ;  but  at  the  fame 
time  introduced  another  confiifion  concerning  this  fifh,  arifing 
from  RONDELETIUS  having. faid,  that  it  has  two  cirri,  while 
willoughby  aflerts  it  has  four ;  but  it  is  eafy  to  reconcile 
thefe  authors,  for  though  the  Ophidium  ha$  only  two  cirri,  yet 
each  of  thefe  being  divided  in  two,  they  appear  as  four ;  fb 
that  willoughby  might  juftly  fayi  th^t  it  is  quadri-cirratus. 
The  fame  author  places  th(»  Ophidium  inagequs  which  he  calls 

Vol.  LXXL  M  m  m  Encbclyopus^ 
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Encbelyopus^  which  is  indeed  not  a  good  femily,  fince  it  com* 
prehends  the  genera  of  Gymnotus^  AnarrbichaSy  Cepohj  Blen^ 
nsuSf  Coiitisy  &c. 

LiNNE  in  his  defcription  of  the  OpbUium  barbatum  fays, 
that  its  whole  body  is  covered  with  oblong  fpots,  without  any 
regular  direftion.  Dr.  gouan,  in  his  defcription  'of  the  genus 
of  the  Opbldium^  does  not  mention  the  fcales ;  but  gives  the 
fpots  as  a  generic  chara£ler.  The  laft  author  who  has  men- 
tioned thefe  fpots,  and  given  a  defcription  of  this  fifh,  is  Mrs 
BRXmNiCHE  in  his  Ichthyohgia  Mqffilienjis^ 

Having  adduced  the  various  opinions  of  the  writers  on  theG^A/- 
Jlum^znd  endeavoured  to  reconcile  their  fenti men ts,  we  now  pro- 
ceed to  give  the  defcriptionof  this  fifti,  which  isfo  very  remarkable 
for  its  Angularities.  The  genus  of  Opbidium  ha&  the  following 
principal  chara^ers,  viz.  the  body  long ;  the  fins  of  the  back, 
tail,  and  anus,  confounded  in  one;  no  fin  on  the  undfer  part  of 
the  body ;  and  the  eyes  covered  by  the  common-  (kin.  There 
are  befides  many  other  charafters  which  it  is  needlefs  to  obfenrc- 
here,  fince  I  intend  not  to  defcribe  all  the  fpecies-of  thegepus, 
but  only  to  mention  them*  The  firft  fpecies  (which  is  the 
fpecies  of  which  we  are  treating)^  is  diflinguiflled  by  its  cirri. 
The  fecond  differs  from  the  former  not  only  by  the  abfence  of 
the  cirri,  but  alfo  by  many  other  marks,  artbdi,  in  his. 
account  of  this  fpecies,  has  adopted  the  fynonymy  of  schonb- 
VELDE,  who  defcribes  a  filh  under  the  name  of  Opbuiion  im^ 
berbe  Jlavum ;  but  this^  fifh,  which  is  the  Blennius  gunnelhs 
LINN,  is  certainly  very  different  from  the  Opbidhn  imberbe^ 
LINN,  the  rays  of  its  dorfal  fin  being  prickly  ^  which  circuffi- 
flance  perhftpsj|0<l)a€6d  linns  to  place  the  Opbidium  among 
the  Acantboplerygii  in  the  firft  editions  of  his  Syftema,  in- which 
he  folloi?f(^  the  cliiffifitoation  of  aktedi.    Perhaps,  for  the 
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fame  reafotiy  that  author  has  placed  among  the  Juguhres  in  his 
Fauna  Suecica,  the  fpecies  of  which  we  are  now  fpeaking. 
This  fi(h  is  alfo  very  different  from  the  Sea  fnail  defcribed  by 
WILLOUGHBY  and  PETIVER,  which  is  the  Cyclopierus  lipparis 
LINN,  though  the  fynonymy  of  petiver  has  be6n  accepted 
by  GRoi^ovius  as  being  the  Ophidium  imberbt  *. 

LINNE,  in  the  tenth  edition  of  his  Syftema,  mentions  a  third 
fpecies  of  Ophidium^  which  he  calls  Macropbthalmum  \  but 
afterwards  difcovered  that  this  fpecies  belonged  to  the  genus 
of  Cepola.  It  is  another  fpecies  of  this  genus  which  otho 
FABRicius  ha?  lately  defcribed  in  his  Fauna  Grmnlandica^  under 
the  denomination  of  Ophidium  viride.  ,  There  are  two  other 
fifhes,  of  which  oronovius  made  a  new  genusy  afligoing  to  it 
the  name  of  Mqftacembelus^  which  comes  near  to  the  genus  of 
Ophidium^  though  I  am  perfuaded  it  conflitutes  a .  different 
one  by  the  prefence  of  the  aculei  on  the  back.  I  fhall  now 
proceed  to  give  a  defcription  of  that  fpecies  of  which  I  am 
particularly  treating,  which  I  have  written  in  Latin  for  the 
fake  of  perfpicuity.    . 

DESCRIPTIO 

OPHIDII    BARB  ATI    linn. 

B.  7.  D#  124.  P.  ao.  V.  o.  A.  115.  C.  —  ^^ — * 

CAPUT  compreflum,   fub-^aGutum,  auburn,    cute  communi 

laxe  tedhim. 
RiShfS  ampins. 

Mandibttla  Juperior    duplicata^    inferiore    paulo  lon« 
•  gior.  ' 

^  The  61k  mentioned  by  Mr.  psknakt^  in  the  Britifli  Zoology^  torn*  III. 
append,  p.  346.  and  engraved  in  the  tab.  93.  torn*  II.  under  the  name  of  OfbiJium 
imbcrbc  linn,  is  a  ffieciei  of  Jt^nfana. 
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\£<tf^Af  cutacea,  -  tenma. 
Denies  in  utriu(qiie  maxillae  margtrie,  tii  arcam  aii- 

guftam  antice  latiufculam  difpofiti,  minuti,  acuti^ 

confertij  anteribres  paululum  majores. 
Lingua  fubobtufa,  glabra.   • 
Palatum  medio  ^abnim,  antice  areis  tribus  d^nticu- 

lorum  exafperatum,  quarum  dua&  latefales  linear^s^ 
•  Intermedia  fubtriangularis. 
Fauces  fupetne  exafperatae  duabiis  areis  lonsj^ttidinalibus 

denticulorum.  .       .     *    .  i 

'  Narium  foramini  utrinque  bin  a,  ante  octdos  pofita, 

diftaiitia ;-  foramine  anterioreiiiinbre,  pofleriore  nudo. 
€kuli  fupremi,  vicini,  magni,  CUtc  commmii  tcfti :  iris 

argentea;  *«//fftf  lutefcens.  ^  * 

Opercula  branchiantm  cute  xomraiuni  tefta,  roltundata 

polyphylla,  mollia. 
Membrana  brancbi^Jlega^  cute  commuiri'  leSfa,  radiis 

fubaequalibus;'  .  .  /  :  v:    ;. 

Branchiae  quaternse ;  tres  interiores  pifrtfef  oncava  gc- 

runt  tubercula  afpera,  feparata,  in  duas  ieries  dif* 

pofita;  quarta  caeteris  loiigior,  latere  Interno  gcrit 

tubercula  afpera,  eiitemo'  ralies  linb  lite#e '  laevitcr 

-ierfatOG.     :  j  ..  *      i  .i    :  .vl  .^   i! 

/ja««  altera  longiore.  .j^;.       ;  .,,.; 

Tuber culum  fubacutum,  feu  ap(^i(yA^  oflQk:4eda«  re^ 
,     {     \     cuBabeni|,,:ant(ftQ<ajl<w,in  fitoste^^^ 
CORPUS,     Comprefiumy  verfus  caudam  attenii^gtei. 

Lma  kun/itlis  iuprema,  Lfvi^  .4oKfQ.:ftfifigUfiJa^.yiita 

Squama  obovatae,  tcftae,  umbttiiatev  'fi^*tt*:'« 

Pmna 
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Fmna   dorfdh  longa  *  anali   longior  fed  anguftior^ 
cum  caudaU  continuata,  bafi  fordide  albefcens,  raar-^ 
gine  nigra  e  pundis  plurimis  nigris:   Radii  fim** 
.plices^  fiqxiles,  molles. 
Pinrut   ftSloraUs    obovata?^     pellucid^,     membrana: 
pundis  mmutiffimis  irrorata. 
1  '      Pinna  analis  caudali  inntii,   bafi   albefcens,  margino. 
•nigra,  radiis  fimpUdbus.. 
Pinna  caudalis  nigra,  apice  obtufa..     ^ 
Cdior  capitfe  et  corporis  carndD-ar^entetiii'   . 
Lc.  *  A  :?  85  x^'2S  ^'    Lei  :  PI::  8:5  ^  v^ 

Lc.  i  Dl  tv^yxi^     »  Lc.  :  PF  n  85  :  7.2, 

y-ljc.  :  DFCFAP  :r«5  :  87  *  Itx.  :  AI  t:  &5  :  37 
-^  '''R.5*.'  I^.  r, 'D.  a.  3.  4.  5^  6;  A.  3*4.5.^. 
.  Bisfore  I  proceed,  I  think  it  neoeflary  tx)  explain.'  the  propor^ 
tional  fnieafures  ivhldh-I  employed  in  the  foi^egdiflg  defcription*. 
ARt&oi  cfonfidereid  tbef  meafureiiietiit:  of  fiihei  as  neceflary  tOi 
vex}de^  the-  defcrijitkMPi  of  them  perfect  ;^  and  therefore  in  thc.» 
fpecies  Whicb  he  defcrilied  moft  coni^letely ,  tve  find,  he  did^nof 
fail  te^exprefs,  v4th  ^he  greateft^accortMryf  the  diftoMes  between 
tbellFyeral' parts.  'He  has  been ' fc^Uowed  in  this  by  thebofii^ 
authdd'^  'kho '  hflvfr  wiitten  *  u^oft  'fiihes,  ai  oronovius  and" 
PALDA&.  ^  The  like  pra£Uc6  has ''been,  followed  byribnk&wrkec^ 
in  defi^ritiiagfoim^&bf  olher'«li0^&|  and  parucniarly  by  Mui 
0AXJ9^£^i«TON',.  who  has^,.  with  extrc^fditiary  exodtiie^  iaptdBiAl 
th«  'Ml^i^imentft  ^of '<)ua^\iped%;^  The  ufe  of  this  meafun^^ 
naeht^,  ^^however,  •  ca6  only  afcertaki  thaf  fuoh  or  focb  individaab 
i^'kirgai  i>t  le(%  *hiii  ^ther  d^fcribed- by  an  duchor :.  for  it  isl 
ifyi^^i(i&%4e^by  ^ttdi  means  to  dbfermTne  a  fpecies,  and  there^re  • 
a  fingle  meafurement,  taken  from  the  head  to  the  tail,  or  in. 

r      "  • 

^  Pinna  mihi  audit  longa,  cujus  bafis  loagitudine.u^cedit  radium  altiorem. 
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fhort  from  any  one  part  to  another,  would  anfwef  the  fame 
purpofe ;  but  if  you  take  the  terms  of  the  meafures,  and 
compare  them  one  with  another,  or  all  of  them  to  a  (ingle 
one,  a  method  may  be  deduced  for  determining  the  fpecies,  and 
defcribing  each  with  accuracy,  and  that  is  the  method  which 
I  ufed. 

There  is  no  doubt  that  fifhes  have  a  regular  growth,  and  that 
all  their  parts  have  a  proportional  increafe :  it  is  therefore  of 
no  confequence  whether  the  meafure  be  taken  from  an  old 
or  a  young  fubje£t,  it  will  be  always  of  the  fame  ufe  for 
determining  the  fpecies.  The  term  to  which  I  refer  all  the 
reft,  is  taken  from  the  diftance  between  the  apex  of  the 
upper  jaw,  and  the  bafis  of  the  fin  of  th^  taiL  The  extr^ty 
of  the  upper  jaw  is  the  point  from  which  I  take  the  di(^ 
tatice  to  all  the  other  parts.  To  determine  with  more  accuracy 
the  jun£lion  of  the  fin  to  the  tail,  I  inclioe  the  fin  fo  as  to 
form  an  angle  with  the  tail ;  I  take  the  difbaces  with  a  pair  of 
GQCDpafles,  to  avoid  the  irregularities  of  the  furface  of  the  body, 
which  are  iiifinitely  various*  When  I  have  taken  the  diftance 
with .  the  compaflesi  I  make  a  reference  to  a  rule,  which  is 
divided  in  Englifh  inches,  each  of  them  fub^divided  in  tenths. 
To  exemplify  my  pradice  in  a  fiih  of  the  fuppofed  length  of 
40  lines  from  the  upper  J9w  to  the  tail,  and  front  the;iame 
point  to  the  anus  of  20  lines,  I  fay,  that  the  difladce  fn^ni  the 
head  to  the  tail  comparred  with  the  idiftance  from  the  hea4  to 
the  anus  is  in  this  fpecies  as  40  to  20,  which  I. express  in 
i  this    manner:     Lc.  :  A  ::.40^ :  20,    which    I    thyis   reduce, 

;  Lc.  :  A  ::  10  :  5.    I  then  take  the  length  from  the  upper  jaw 

to  the  bc^nmng  of  the  dorial  *  fin,  and  to  its  end :  nejct  .fiom 

*  I  Acafure  tbe  dorial  an4  anal  fins  at  their  bafia,  ficver  ia  their  ouupn. 

die 
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the  fame  point  to  the  bafis  of  the  peftoral,  to  its  extremity ;  and 
m  the  like  manner  for  the  ventral^  anal,  and  tail  fins;  all 
which  meafures  I  refer  to  the  common  term  40.  Admitting 
then  the  dorfal  fin  is  diftant  from  the  upper  jaw  as  ten,  I  write 
as  before  LC  :  DI  ::  40  :  10,  which  1  reduce,  if  I  chufe  fo^ 
Lc.  :  DI  ::  20  :  5. 

I  take  the  meafures  in  length  only,  and  never  in  breadth  or 
depth,  becaufe  fuch  measures',  on  many  accounts,  for  inftance^ 
fixMn  the  quantity  of  fpawn,  from  that  of  food  in  the 
ventricle,  &c.  would  be  uncertain  ;  befides  there  are  terms 
enough  afforded  by  the  fituation  of  the  anus  and' the  fins* 
I  pay  no  regard  to  the  meafure  of  the  noftrils,  of  the  eyesi 
&c.  as  thefe  parts  lie  too  near  the  extremity  of  the  upper 
jaw  to  adtoit  of  »  fufiicient  accuracy  in  their-  meafure.  All 
thefe  diftances  are  written  in  the  fhorteft  manner  pofltble ;  F 
therefore  db  not  go  into  the  inquiry  what  clafs  of  the  lin^ 
VMAV  fyftem:  the  fifli  defcribed  may  belong  to ;  or  whether 
the  anal  fin  iis  before  or  behind' the  region  of  the  dorfal ;  whe- 
ther the  pectoral  are  extended  beyond  the  ventral ;  or  the  tail 
is  forked  or  not ;  and-  many  other  particulars  which  could  not 
be  exprefled  but  by  a  very- long  defcription,  tedious  both  to  the 
writer  and*  reader.  .  •    - 

To  make-  an  applicatioir  of  the  proportional  meafurements^ 
I  foppofe  a  fiih,  of  a  fpecies  defcribed,  to  be  in  length  40  lines, 
and  from  the  upper  jaw  to  the  anus  10 1  I  take  a  fpecimen 
which  I  fufpe£t  to  be  of  the  fame  fpecies,  but  which  1  wifh  to 
determine  with  certainty :  the  length  of  it  is  20  lines ;  then  I 
fay  40  is  to  10  as  20  is  to. another  term,  which  L  difcover  by* 
multiplying  20  by  10,  and  dividing  the  produ£l:  by  40^  which 
will  produce  5,  the  number  of  the  lines  comprehended  be- 
tween the  upper  jaw  and  the  anus,  if  tfaefifh  be  of  the  fpecies 

it- 
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It  i$  tlwught  to  be.  I  proceed  ia  the  hkp  xnanocry  ia  compar- 
ing the  terms  of  the  mcafures  of  the  other  parts;  but  the 
utility  of  thefe  meafures  is  very  apparent  in  the  diftinguiihing 
of  the  Ipecies  of  Ibnie  genera  which  are  fo  natural  as  that  of 
Cyprinu$^  Cbipta^  and  many  othtjf^i,  of  which  the  fpecies  could 
not  be  otherwife  eafily  diftinguiihed.  I  (hall  inftance  a  fpecies 
of  Perca  defcribed  in  the  -  Commentarii  Petrcpolirani  yiud^r  the 
name  of  Perca  acerina^  by  Mr.  gueldenstaedt,  which 
could  not  have  been  diftinguiihed  from  the  Pcrca  ctrnua  but 
by  the  proportional  meafures ;  fince  the  Cernua  has  the  body 
about  three  times  longer  than  the  head^  whereas  the  jtcerina 
has  it  but  twice  as  long,  though  hy  the  other  charades  they 
are  aUnoft  indiftinguifhabk. 

To  exprefs  the  poiition  of  the  fins  briefly^  and  with  all  pof* 
fible  accuracy,  which,  however,  I  think  may  be  very  well  \in* 
derflood  by  the  defcribed  meafures,  I  take  the  diftaiice  from 
the  upper  jaw  to  the  bafis  of  the  peroral  fin,  and  then  fee  into 
how  many  equal  parts  the  whole  body  may  be  divided,  and  to 
thefe  parts  I  apply  the  name  of  regions ;  I  meafure  them  to 
the  extremity  of  the  middle  of  the  fin  of  the  tail,  a<id  I 
exprefs  the  pofition  of  the  fins  as  follow :  D.  3. 4.  A.  3.  V.  2. 
P«  2U  the  letters  being  the  initials  of  the  fins,,  and  the  numbers 
of  the  regions,  the  firfl  being  from  the  head  to  the  pedoral 
fiu  * 

The  fcales  of  the  Ophidium^  which  have  been  figurod  by 
RONDELETius,  but  overlooked  by  many  other  writers,  have 

♦  I  beg  pardon  for  the  digrcffion ;  but  I  thought  it  would  not  be  improper  in 
this  place  to  obferve,  that  the  utility  of  this  method  of  meafurement  will  appear 
not  only  in  diftinguiihiiig  fiflies^  but  alfo  animals  of  other  clailes,  and  particu«> 
iarly  fnalces,  which  oannot  be  well  determined  otherwife.  Befides^  I  do  not^ 
Inow  any  author  on  fubjedts  of  natural  hiftory^  who  has  adopted  that  method. 
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been  id^irioned  by  willoughby:^  but  without  tay  |>articoIv 
defcriptton.  ITiey  arc  very  diiferent  from  thofe  on  the  ikiii  iof 
the  Ophiiium  imberke^  which  are  ihortiy  defcribed :  by  oronq* 
vrus.  Their  pofition,  as  may  be  icen  in  the  figure,  is  iwfS- 
'gulan  They  are  difperfed  over  the  whole  body.  ,  Their  form 
is  fometimes  round,  fometimes  nearly  ovaU  They  are  larger 
near  the  head,  and  in  the  lower  part  of  the  body  ;  biit  ^re. hardly 
to  l>e  diftinguiflicd  near  fhe  tail.  They  adhere  to  the  body  Igr 
means  of  a  particular  tranfparent  (kin,  which  is  In  general 
*very  thin,  but  fomewhat  thicker  near  the  neck,  and  oxtendoi 
loofely  over  the  whole  head  :  this  (kin  is  very  eafily  deftroyfed, 
after  which  the  fcales  fflUing,  the  bddy  appears  ipotted  (fig/i.)« 
The(e  (cales  are  of  the  fame  fort  as  thofe  that  xeeuwenhoeIc 
has  defcribed  on  the  eel,  like  thofe  I  have  feen  on  the  ulnarrbi- 
tbas  lupus y  the  Blenhius  viviparus^  and  many  other  fiflies,. which 
are  commonly  thought  to  be  without  fcales.  When  you  look  at 
'them  with  the  naked  eye  (fig.  %.')  they  appear  as  covered  with 
very  fmall  grains ; '  but  viewed  through  a  inicrofcope  (fig.  ^.) 
'the  middle  of  them  appears  more  blevcfted  than  the  margin ;  and 
from  the  center  toL  the  margin,  clo(e  by  each  other,  there  are 
many  lines  or  rays,  formed  by  fmall  fcales  ^  placed  onb  upon 
another,  like  tiles  upon  a  roof,  the  fuperior  being  always  the 
nearer  to  the  center.  This  (brt  of  fcales,  which  may  be  called 
umbonata^  are  faftened  to  the^body  by  very  fmall  velTels  wbidi 
are  inferted  in  their  middle ;  they  are  to  be  feen  on  the  body 
only,  not  on  the  head  nor  thefins. 

1  (hall  now  proceed  to  the  anatomy  of  this  fi(h,  which 
certainly  comprehends  fome  very  remarkable  circumftances, 
whichi  I  believe,  have  not  yet  been  obferved  in  any  other 
fpecies.  When  we  have  drawn  oiF  the  (kin  there  appears  a  tlyn 
membrane  of  a  (ilver  colour,  which  covers  .the-mufcles.    The 

VoL.LXXL   -  :Njiii    .  *aufck» 

>  41  ll 


'Wittfii1i^i>dhi^  tkx&wkA^  t^slfinii'thejperito»euiti;>^ff k4i«o$  tile 
^dDmhial  c^kvity^  ^nd  is  :&dhereint^to  thefvwtinilingj^kdder  bf 
-ibfife:^ol)j^iiDiiii9;  k  'it  of  ;k  ^ver  hue.  With  -ibme  >/^  ^jxaiX 
•bbKk  pohits.  TlicTentrkle  is  not  to-be  diftmguUhed  from  the 
m%^iM%  Iby  .any  cnlber  -mack  biat  by  its  fize  :  ks^cn  is  ob- 
long ;  ft  h  Extended  almoft  to  the  9tiu^,  from  whence  the 
intddinsl  du£t  has  a  retrograde  courfe,  and  thea  defeei^ds 
again,  having  a  little  dilatation  near  the  anus.  On  the  vrrtebra^ 
nest  the  anus  on  the  outfide  of  the  peritoneum  is  ia  kind  of 
cavity  of  an  oblong  form,  containing  a  reddiih  vifcus^  whpchJ. 
take  to  be  the  kidney. 

The  firft  veiJtebra  from  the  head  has  nothing  very  reflsiarkable 
\ti  its  ftru£hire.    The  fecond  has  on  each  fide  an  ela^gated  and 
iharp  apophyfisyto  the  apex  of  /which  i$  ^nexed  a  fooU  liga- 
ment.   The  third  is  very  flat,  and  h^s  ^^.^each  lideal^ndof 
triangular  and  ibarp^pophyfis,  to  which^  adheres  ^a  l^ament  as 
lo  The  fecond.    The  fourth  is  remarkably  in  having  a -&aa;>. 
'  apopby  $s  on  isack  rfide,   mrticillftted  with  •  the  body^  «f  the 
vcfrtebra,  and  utider  teach  ^  thora^  ie  another  articulated  apo*. 
^yfis,  'fldttHh,  lihick^  roundiih  M  it^  e&f r^Hiities,  ^nd  fbckbd 
At  ks4>idis  (fig. '5.).    l^c  iifti%,  ^vhicb  is  ibioi|g][y  adherent 
t(>  ¥he  '^drmdc^  has  in  its  -iniddk:  a-bifid  ^prac&fs.    The  'fixth 
^fts  ki  its  Qiabfifie  4  fiajbt^  -eifcvdtiany  -diarp  oa  each  iide. 
likween  dve  gxiifciiMy  of  the '  ki'ger  ap^^yiis  of  the  fourth 
>^^cib^,  is  a  :bene,  or  cather  a  hard  t&rtil^,  which  bears  the 
figure  of  a  kidney  (fig.  6.)  its  coilvexity  being  turned  towards 
^^elbfody  tff  ^he  vertebra  :  4kspefition  is  parallel  to  the  bodies  of 
'the  vettteibne^  its  mobob  is  ibalf  cipcukr;'OQe  of  in  parts, 
*<<^.'  the  ^oweft,  icinig  in  the^cavi^  of  the  fwimming  bladder, 
rV0  A;^kh  ft  ftdhents  by  'E  thia  -mveht^sy^j  -fb  xbatno  air  can 
^dape*  «t  ^^hatipaxt.    It  is  cbtdi;^  ^  iiMOobnutes,^ which  adhere 
4i$KMi^  to  its  noiddle,  \m  thla  part  are  faftene^  ^;  two  liga- 
ments 


^9 


^Khich  we  fpoke  before;  and  which  aoe  of  a.  great  tenuity,  in: . 
thd  flime  point  are  fhfteiicd  alio  tWoMigatneiits  eaqh^of  which, 
belongs  to  an  oblot]g^|nui[bl^  pasaUpI  tD^each  ettlier,  aiidrfixcil:! 
to  the  bcm^s  of  the  loweft  and^  |)oi^etaDr  part  of  the  head  (figw 

All  this  appaiatus  is  certainly  fubiervient  to  the  purpoie.0^. 
fwimming,  I  fuppofe,  by  the  cavity  of  the  bladder  being  made 
larger  or  lefs  by  the  motions  of  the  cartilagineous  bone;  but  it  is 
very  remarkable,  that  if  thefe  parts  arenecefi'ary  to  fome  animal 
function,  they  ihould  not  be  found  in  all  the  individuals  $  for  I 
have  feen  two,  .of  which  the  vertebrae  were  not  different  from 
the  vertebrae  of  the  other  fpecies :  which  difference  depends^ 
perhaps,  on  the  difference  of  fex.  I  am  inclined  to  believe  fo  ; 
but  the  generation  in  this  Hfh  ^&etii8  %p  be  no  lefs  myfterious 
than  that  of  the  eel :  I  could  never  difiiiTguiffi  a  male  from  a 
female  in  this  fpecies.  \  I  do  not  know^.  if  the  other  fpecies  of 
Ophidium  have  the  fatoe  ftrufiture ;  I  could  not  perceive  it  in 
fome  fpecimens  of  Maftacen^lm.  wi^x^qtroUBY  mentions  that 
fingular  flrudhire,  but  withoiif  any  £ar^ular  defcription. 

This  fifh  commonly  grows  to  the  fize  of  eight  or  nine 
inches.  It  is  to  be  found  in  all  the  Mediterranean  Sea,  and 
in  great  plenty  in  the  Adriatic*  It  is  taken  by  liets  in  Provence 
and  Languedoc,  together  with  many  other  fmall  fpecies,  which 
are  not  efleemed,  that  is,  what  they  call  RavaiUa.  It  is  often 
confounded  with  the  Cepoia  by  the  fifhermen,  though  they  havd 
different  names  for  each  fpecies.  In  Languedoc  the  Ophidium  is 
called  Dons^llSj  and  the  Cepola^  flamma.  In  Provence  the  for- 
mer has  the  name  of  Corrudgiao^  and  the  latter  that  of  Rougeolla^ 
But  the  name  of  Donzelli^  very  common  oil  all  the  coafl  of  the 
Mediterranean,  is  alfo  applied  to  the  Cepohj  and  the  SparusjuLs 

N  n  n  a  linn* 
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XiN^.  whicli,  however,  is  ccHnmonly,  called  girella.  In  ium- 
zaa the vphitiittm  is  more  common:  itftBefhisnotof  agoodtafte, 
lather  coarle,  as  that  of  all  the  fpecles  of  fifltes,  which  hav- 
ing no  ventral  fins,  are  obliged  to  make  great  e&rts  ia  fwim- 
ming,  and  have  confequcacly  the  muTclcs  harder.  The  want 
of  ventral  fins  induces  me  to  believe,  that  it  is  not  a  migratory 
ipccies.    It  feeds  upon  fmali  crabs  and  fiihes. 
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XXIX.     A  further  Account  oj  the  Vfifulnefs  tf  teajhlng  the. 
' '  Stems-  of  Trees.     By  Mr.   Robert  Marlham,  of  3tratton, 
F.RiS,  V  •      '  ■     ■ 
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Read  May  ^t,  1781. 


THE./oUowing  account  is  a  Kind  of  poftfcript  to  my 
letter  to  Dr.  moss,  Lord  Biftiop  of  Bath  and  Wells,  in 
1775,  which  the  "Royal  Society  did*  me  the  honour  to  publifh 
in  the  Philofophical  Tranfa£lions  in  1 777.  In  that  I  fhewed 
how  much  a  Beech  increafed  uppn  its  ftem  being  cleaned  and 
waflied'* ;  and  in  this  I  fhall^fhew,  that  the  benefit  of  cleaning 
the  item  continues  feveral  years :  for  the  Beech  which  I  waflied 
in  1775  ha^  increafed  in  the  five  years  fincc  the  wafhing  eight 
inches  and  fix-tenths,  or  above  an  incK  and  feven-tenths  yearly; 
and  the  aggregate  of  nine  unwalhed  Beeches  of  the  fame  age' 
does  not  amount  to  one  inch  and  three-tenths  yearly  to  each 
tree.  '  Iri  1776  I  waifhed  another  B^ech  (of  the  fame  age,  viz, 
feed  in  1 741)  J  ^^.^  ^^  increafe  in  four  years  fihce  the  wafliing 
is  nine  inches  and  two-tenths,  or  two  inches  and  three-tenths 
yearly,  when  the  aggregate  of  nine  unwalhed  Beeches  amounted 
to  but  one  inch  and  three-tenths  and  a  half.  In  1776  I  wafhed 
an  Oak  which  I  planted  in  1720,  which  has  increafed  in  the 
four  years  fince  wafhing  feven  inches  and  two^tenths,  and  the 

•  * 
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aggregate  of  three  Oaks  planted  the* fame  year  (viz.  all  Imea- 
fured)  amounted  to  but  one  inchjyeairly  to  each  tree*  In  1779 
J  waflied  another  Beech  of  ^the  fame  age,  and  the  increafe  in 
iprSo  wasthrettim:hcl^,^w^e«*thf^aggfi(^ 
3ache^  wa»  lyfit&Sl  fiftqm;  ioth?^  ^n^^x-te^tl^^  «&'  1^  one 
inch  and  half  a  itenth  to  each  tree ;  yet  moft  of  t^efe  trees 
grew  on  better  land  than  that  which  was  wa(hed«  But  I  appre- 
hend the  whole  of  the  extraordinary  increafe  in  the  two  laft 
experiments  (hould  not  be  attributed  to  waihing :  for  in  the 
autumn  of  1778  I  had  gteaf|t  pP^^^*^^  fpread  round  fome 
favourite  trees,  as  far  as  I  fuppofed  their  roots  extended,  and 
although,  fome- trees  did  npt  (how.  to  h^ve  received. any  booc^t 

from  the  mud^  yet  other§  did*  that  i^,  ari  QaLi^acreaf^d  half  an 

* "  '     Ik.  * 

iach,  and.a.Bee.ch»  three- te»tW  above  Jthejt^rdioaiy  ^wth^ 
Now  rfiough^the  Beech  gained  biU  threo-;fe|iths,^  j^e^  perhaps,, 
that  n^ajr  noj  be  enough  to  allow  Jor  the  jmudij  for  th«  fummer 
of  .1 779.  was* the  moll:  uugeniai  to  the  ^owth  of  trew.  of  any 
fince  I  havjc  meafured  them,,  foroe,  nptr  gainiiyj  half,  t^ieir  ordi* 
nary  growth^  and  the  aggf eg^te.  iucfeaf?  roi  all  the  nn^jiihed 
and  unmudded  trees  that  Imi?afurjad  (ninety7thrcc  in.  aupiber  of 
v.arious  kinfjs)  was  in  17 79. but  fix  fr«5f^fiye  inches,  apcl  fcven 
tpnths,  or  Jfeventy-feven  inches.aijd  fevqa-t^tbs,  which  gives 
but  eight-tenths  and  about  onerthird  tp  caf h  trop ;.  -  when 
in  1778  (^  very  dry  f^|:^wlpr:  vx  Nor^l)^)  th^y.  iqcraafed 
ieyen  feet  a»d  nine-tenths^  oc  near  eightj^r^ye  inches  which 
gives  above  nine*tcnths.  to  each  tree,:  2ij\^  this  f^^mner  of 
1780  beji^.aUo  :very  dry,,  ye;t  the  aggr^te,  incr?afe  was 
aboj/f  Ij^.an  inch  mxwre  thjw..ip  X7^8-.  ']^ut  the,  bcft,  iij.- 
crcafe  of  tb«fc  tb«c  ycaxs  i?  li^w,,  as  thfite  jf^Uut  twcoly  of 
the  ninety-^three  trees  that  were  not  planted  by  me,  and 
greater  incireaie  is  reafonably  expend  in  young  than  old  trees ; 

yet 
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yet  I  have  »  Oak  jddw  XfNo  hundrc<^  years  .old*  (1780)  which 
is  fixteeii'fcet  and 'five  inches  Ua  circumFerence,  br'pae  hundred 
and  wiuety-feven  ipches.iu  two  hundred  years.    *Bot  this  Oak 
canpQt  properly  b^  calkd'old^     The  annual  increafe  of  very 
,  oldtiiees  is  haidlyv  naeafbrabl^  with  a  ilring,  aS:  the  fligjitcft 
chaoge  of,  th^  air.  will  affe<9b-  the  ft  ring  more  than -a  yearns  > 
growth*    The  lacgjeft  trees  that  I  have  meafured, are  fofar/rom, 
-mCy  that  1;  hvft  had  no  opportunity  of  n^eafujiug.  them ,  a  fe^- 
cpnd  time, ^except  the  Oak.  near,  the  honourable  Mr*  legge's  . 
X^dge  in -Holt  Foreft^ ,  which  does  not  fhow  to  be  hollow.     In . 
1759  LfQundit.was  at  fevenfeet  (fpr  a  large  fwelling  rendered ; 
iJcunfair  tomeafureat  five  or  fix  feet)  *a  trifle  above  thirty? four 
jFfet  in  circumference,  and  in  177S  Isfound  it  had  notincreafed- 
above  half  auinjch.in  nineteen  ,years^    TJiisnaore  entire  remain  i 
-of ; longevity,  merits  fome  regard  from; the  lovers  of  trees,, as, 
well  a§  the  hoUow  Oak  at.Cftwthoi;p  in  Yoxkfhire, ,  which, Dr. . 
KU^TEE, gives  an  .account  of.  in. his  edition  offEVELYN^^  Silva, 
-an4  call  sit  forty-eight  feet  round  at  three  feet; .  Ldidnotmea- 
i^ireit  "fpipw;. but  ift  1768^1* fpund  it  at ;four, feet,-. ibrty. feet: 
apdifix  ijaches;::andat  five  feet,  thirty-fix  feetand  fix. inches;; 
apd  at,£x..£eeti  thirty-twofeet  and  one  iiKh..  .^ow, , although . 
«his-Oakis  larger-near  the  earth  Jthanjth^t  in  Hamplhire,  yet  it 
4>mi.niihes  much,  mor^  fuddenly  .in  f;iFt, .  vIt^  eight  i^t  .and  five : 
4iBK:hes  in  two  fieet^f^ixe^ht  (I  reckon  by  my  own  mcafures  as , 
I  took  pains  to  be  exad)^..   Suppoie  .  the  diminution  ^ronbnues  ^ 
abo^^is  rate^(&r  I  did  not  meafure  fo  high)  then  9t  {even  feet  it . 
^iir4)eaIfout-twenf^y*enghtfeetin  circumference^  and  the  bottom , 

*  I  ;canQOt  miitake  in  %e  age  oT  tbls'Oak,  as  I"h)l?i  ^the  defe J  between  -^ny 
zMtStfSt  ^titJLt^^  StnttoiH 

sistfAUbKf^,  i^,  «j^iy4ibitb»itfjlkl4£i«'f^  mA^  abuttal . 
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fourteen  feet  contain  fix  Hundred  and  ?ighty-fix  feet  round  or 
buyers  meafure,  or  feventeen  ton  and  fix  feet ;  and  fourteen 
feet  length  of  the  Hamplhire  Oak  is  one  thoufand  and  feven 
feet,  or  twenty-five  ton  and  feven  feet,  that  is,  three  hun- 
dred and  twenty-one  feet  more  than  the  Yorkfiiire  Oak,  though 
that  is  fuppofed  by  many  people  the  greateft  Oak  in  England. 

I  am  unwilling  to  conclude  this  account  of  wafliing  the 
ftems  of  trees  without  obferving,.  that  all  the  ingredients  of 
.vegetation  united,  which  are  received  from  the   roots,  ftem, 
.branches,  and  leaves  of  a  moffy  and  dirty  tree,  do  not  produce 
.half  the  increafe  that  another  gains  whofe  ftem  is  clean  to  the 
Jiead  only,  and  that  not  ten  feet  in  height.     Is  it  not  clear  that 
;this  greater  Ihare  of  npurilhmerit  cannot  come  from  rain?  for 
the  dirty  ftem  will  retain  the  moifture  longer  than *wh en  clean, 
and  the  nourifhment  drawn  from  the  roots,  and  imbibed  by 
:  the  branches  and  leaves,  muft  be  the  fame  to  both  trees.    Then 
muft  not  the  great  ihare  of  vegetative  ingredients  be  conveyed 
in  dew  I   May  not  the  mofs  and  dirt  abforb  the  fineft  parts  of 
.the. dew?  .'and  may  they  not  ad  as  a  kind  of  fcreen,  and  de- 
prive the  tree.of  that  ihare  of  air  and  fun  which  it  requires? 
To  develope  this  myfterious  operation  of  nature  would  be  an 
honor'  to  the  moft  ingenious,  and  the  plain  fafb  may  aflbrd 
pleafure  to  the  owners  of  young  trees ;  for  if  their  growth 
may  be  increafed  by  cleaning  their  ftems  once  in  five  or  fix 
years  (and  perhaps  they  will  not  require  it  fo  often)  if  the  in- 
creafe is.  hut  half  an  inch  yearly  above  the  ordinary  growth. 
It  will  greatly  over- pay  for  the  tioublc,  befides  the  pieaTureof 
ieeing  the  tree  more  flourifhing*    Although  the  extra  increafe 
of  my  firft  waflied. JBeech  was  but  four«tenths  of  an  inch,  the 
'iecond  was  nine- tenths  and  a  hal^  and  the  third  near  two 
anches^  fo  the  aggregate  extra  increafe  is  above  one  inch.«id 

one* 
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one  tenth  yearly ;  and  the  increafe  of  the  oak  is  eight-tenths. 
But  calling  it  only  half  an  inch,  then  fix  years  will  produce 
above  five  cubic  feet  of  timber,  as  the  oak  is  eight  &et  rquod, 
and  above  twenty  ^Kt  long,  and  fix  pence  will  pay  for  the  t 
waOiing,  fo  there  remains  nine  fliilUngs  and  fix  pence  clear 
gain  in  fix  years. 

Stratton, 
0£t.  29,  1780. 
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5tXX.  Hihls  reiaitng  to  the  Ufe  lebich  may  he  made  of  the  Ta- 
hies  of  natural  and  logarithmic  Sines ^  Tangents^  &c.  in  the 
numerical  Refolution  of  adfeSied  Equations.  By  William 
Wales,  F.  R.  S.  and  Mq/ler  of  the  Royal  Mathematical  School 
in  Chrift*s  Hofpital. 


Read  June  14,  I78i# 

THE  firft  intimation  that  I  can  meet  with  relating  to  the 
ufe  which  may  be  made  of  the  tables  of  fines,  tangents, 
and  fecants,  in  refolving  adfe£ted  equations,  is  in  the  latter  part 
of  the  fecond  volume  of  Prt)feflbf'MWDER son's  Elements  of 
Algebra,  printed^  in  t^+i,  after  his  dectafe.     The  profeffor 
there  Ihews  hov/  to  rdblve  thofe  two  Vrafes  which  make  the 
firft  and  fecond^  of  the  fdllowing  examples,  by  means  of  the 
tables ;  but  it  appears,  irom  maliy  circunJflances,  he  was  not 
aware  that  the  third  cai[e  could  be  reiblved  4n  the  fame  manner. 
All  the  three  forms  were,  however,  refolved  by  the  late  Mr. 
ANTHONY  THACKER,  a  ^ery  ingenious  man,  who  died  in  the 
beginning  of  the  year  1744,  by  the  help  of  a  fet  of  tables,  of 
his  own  invention ;  different  from,  but  in  fbme  meafure  ana- 
logous to,  the  tables  of  fines  and  tangents.    Thefe  tables  were 
£nifhed  and  publilhed,  together  with  feveral  papers  concerning 
them,  after  his  death,  by  a  Mr.  brown  of  Cleobury.    In  thefe 
papers,  befide  explaining  fully  the  ufe  of  the  tables  in  refolving 
cubic  equations,  Mr.  t hacker  (hews  that  his  method  compre- 
hends the  refolution  of  all  biquadratic  equatioas^  if  they  be 
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firft  reduced  to  cubic  ones  in  the  meniier:  which  dias  "^beeii  ex- 
fhinoi  by.  db$cart£S(  and  others^ .  aiid  the  fecowl  t;erm  then 

Since  rtjtot: 'time  M.  MAUDUiT  has  (hewn  how  to  find  the 
Toots  of  nU  the  three  fortns  of  cubic-equations,  by  means  of 
the  taWc8  af^fines,  Bcc.  in.  his  excellent  iTreatife  of  Tiigono- 
£netry.  .But  iione  of  4;hefp  authors  imvc  attempted  to  xdal\x 
equations  of  .more  &nac»iicttxs  than  three,  by  ithefe  means, 
syithcnitfiift' reducing  .them  to  that  number;  nor  ev^a.  thefe^ 
before  the  fecond  term,  or .  that  whi^h  inyolves.  .ther  fqtiare  o£ 
the  unknown  quantity,  is  taken  wczyii.  whereas  fuph  -reduc- 
tions will  gesieraUy  take  up  more  tinie.than  is  requ^f^d  t^bmig 
out  the  ;yftlUe:o£  theiimknown  quantity  by  the  following  n^er 
thod;  and,  lifter  all,  frequently  fcrve  txo  other  putpofe  but 
that  of  rendering  the  operation  more  intr icate  and  troublefbme. 

The  truly  ingenious  Mr.  landen,  in  his ilucubirations, 
pubUih/sd  in  175 5 »  has  given  a  ^neral ; method  of  r^fqlving 
that  cafe  .of . cubic  equations,  by  meaiis.  af.the  tables  of  fines, 
where  4ll .  the  roots  are  real,  without  the  trouble  of  taking 
away  the  fecond  term  of  the  equation:  and  Mr.  ^impson  hds 
(hewn  how  to  refolve  .equations  of  any.dimenfioris,  by  the  fame 
means,  provided  thofe  equations  invcdve  only  the  odd  povyers  of 
the  unknown,  quantity,  J  and;  that  thej  cp-^fficients  obferve  fuch 
a  law  as^illreftriiin  the  equation  to  that  .farm  wl^Qhyis  expref- 
five^of  the  coiine.pf  the;  multiple  of  an.  arc,  of  which  the  unr 
known  q^ijafitity  is  thexofme,.  This  was*firft  done>  J  ^lieve^ 
by  joHNiBEJR.zsrc)ULi.i,  and  afterwards  by  Mr.  j^Vi.E^^An  his 
In^iroduS.  ad  4nafyt.  Injkuf ^iznd  Mr.v»EjMoivkE,  ,ln  his.  M//- 
cell.  i/ff9afyt<:;^  but  the  refolution  of :all  equations,  of.  this .fi>nn, 
as  well  .as.n^any  others,  Js.compi»hewfcd..in)tUc  ftrft  pf  thf 

fclloywfig  obfcrvations. . 
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The  firft  thought  of  extending  the  ufe  of  the  tabks  of  fines, 
tangents,  and  fecants,  farther  than  to  the  ca(cs  whidi  have 
been  already  mentioned,  occurred  to  me  while  I  was  oonfidering 
the  problem  which  produced  the  equation  given  in  this  paper  as 
the  fourth  example.  And  it  is  remarkable,  that  the  Very  fame 
thoughr  occurred  to  Dr«  hut  ton  about  the  fame  time,  and  in 
the  refolution  of  the  fame  problem ;  and  we  were  not  a  little 
furprized,  on  comparing  our  folutions  together,  to  find  that 
our  ideas  had  taken  fo  exa&ly  the  fame  turn;  and  that  both 
fhould  have  ihimbled  on  a  thoughty  which,  as  fac  as  either  of 
us  knew,  had  never  prefented  itfelf  to  dny  one  before.  Hav- 
ing fince  examined  farther  into  the  matter,  I  have  the  fatkfac* 
tion  to  find,  that  the  principle  is  very  excenfive,  and  that  a  g^reat 
number  of  equations,  efpecially  fuch  as  arife  in  the  prance  of 
geometry,  aflronomy,  and  optics,  may  be  refolved  by  it  with 
great  eafe  and  expedition. 

But  befuie  the  facility  with  which  the  value  of  the  unknown 
quantity  is  brought  out  by  means  of  the  tables  bf  fines,  tan- 
gents, and  fecants,  this  method  of  refolution  has  another  con- 
fiderable  advantage  over  moft  others  which  have  been  propofed, 
inafmuch  as  the  firflfhtte  of  the  equation,  without  any  previous 
redudion,  is  generally  the  befl  it  can  be  in  for  refolution ;  and 
from  which  it  may  mofl  readily  be  difcovered,  how  to  ieparate 
it  into  fuch  parts  as  exprefs  the  fine,  or  the  tangent,  or  the 
fecant  of  the  arc  of  a  circle  ;  or  into  the  fine,  tangent,  or  fc* 
cant  of  ibme  multiple  of  that  arc,  or  of  a  part  of  it ;  and  in 
the  doing  of  which  confifls  the  principal  part  of  the  bufinefs  in 
queflion.  It  'will  alfo  be  of  fome  advantage  to  preilerve  the 
original  fubflitutions  as  diflinft  as  pof&ble,  by  ufing  only  the 
figns  of  the  feverai  operations  which  it  may  be  necef&ry  to  go 

through 
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through  in  briagliig  the  folution  of  a  problem  to  ah  equation, 
inftead  of  performing  the  operations  thenifelves. 

Betides  the  advantages  which  this  method  of  procedure 
affords  to  the  mode  of  refolution  now  more  particularly  under 
coniideration,  it  has*  fb  many  others  over  that  which  is  com- 
monly made  ufe  of,  that  I  am  much  furprized  the  latter  ihould 
ever  have  been  adopted.  By  preferving  thus  the  original  fub- 
flitutions  diftind,  all  ,the  way  through  an  operation,  every 
expreffion,  even  to  the  final  equation,  will  exhibit  the  whole 
procefs  up  to  that  ftep ;  and  it  will  appear  as  clearly,  how  every 
expreilion  has  been  derived,  as  it  does  in  that  mode  of  analytic 
which  was  ufed  by  the  ancient  geometricians  :  whereas,  whe^ 
the  feveral  original  expreilions  are  melted  down  into  one  mafs  by 
the  multitude  of  aflual  additions,  fubtra£lions,  muhiplications, 
and  divifions,  which  they  generally  undergo,  in  a  long  alge- 
braical procefs,  condu£ted  in  the  ufual  manner,  it  is  impoilible 
to  trace  the  finalleft  veftige  of  the  original  quantities  in  the 
final  equation,  except  fuch  as  are  reprefented  by  a  fingle  letter. 
Of  courle,  however  obvious  the  feveral  fteps  might  be  at  the 
time  when  they  were  taken,,  every  idea  of  them  mufl  be  totally 
loft  in  the  refult;  and  it  will  be  utterly  impof&ble  to  trace 
them  back  again,  in  the  manner  they  are  done  in  the  compofl-* 
tion  of  a  problem,  the  folution  of  which  has  been  invefligated 
by  the  geometrical  anaiyfis^.     Let  me  add,  that  it  is  to  this 

caufe 

*  This  fubjcA,  if  ever  I  am  bkfled  with  more  leifure  than  is  at  prefeDt  my 
lot,  flull  be  purfued  farther  in  another  paper :  in  which  I  (hall  endeavour  to  fiiew, 
that,  notwithfianding  the  great  difference  which  there  appean  to  be  between 
algebra  and  geometry,  they  are  really  but  one  fcience,  differently  treated ;  and 
that  the  operations  of  the  former  may  be  rendered  as  clear  and  perfpicuous  a« 
thofe  of  the  latter  are  allowed  to  be.  A  difquifition  of  this  nature  will  at  lead 
have  the  merit  cf  refcuing  a  very  uiefal  and  expeditious  mode  of  invefiigation 

from 
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caufe  we  muft  attribute  all  that  obfcurity  jKrhich  the  algebrak 
mode  of  inveftigation  has  been  fo  frequently  qharged  with. 

I  fliall  endeavour  to  verify  this  doctrine,  in  fome  oieafure,  by 
.  the  expredions  which  are  put  down  in  the  following  tables  for 
the  fines,  cofines,  and  tangents  of  arcs  of  circles,  and  of  the 
.multiples  of  thofe  arcs ;  which  tables  will  be  found  very  ufe- 
Jful  in  the  profecution  of  the  defign  which  I  am  now  upon,  and 
.are  abfolutely  neceiTaiy  in  the  explanation,  of  it. 

Trom  kn  unmerited  fligma :  and  if  I  never  be  happy  enough  to  have  an  opportunity 
of  doing  it  myfelf,  what  I  have  here  faid  nuy  be  the  means  of  puttixxg  fom* 
mother  perfoiii  who  hat,  upon  it,     -     ' 
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Ohfervatwns  on  tSiforfgoing  tables^ 

EACH  of  the  formial«  in  thefe  tables  may  |>e  coniidcFcd  a$ 
one  fide  of  an  equation,  involving  the  unknown  quantity  x  to 
different  dimenfions.  In  fome  of  the  formulae  the  odd  powers 
of  X  are  only  found,  in  others  the  even  pnes  jilone,  and  in 
otheriS  both ;  but  they  are  all  equally  ufeful  iii  J[in4ing  the  value 
of  the  unknown  quantity  in  adfeded  equations  which  contain 
all  the  powers  of  that  quantity,  as  will  plainly,  appear  from 
the  following  confiderations^ 

L  If,  on  bringing  the  folution  of  any  problem  to  an  equa- 
tion with  fome  known  quantity,  it  be  found  to  correfpond  with 
any  of  the  formula  in  the(e  tables ;  w,  if  by  any  means  it  can 
be  reduced  to  any  of  them,  it  is  manifeft,  that  nothing  remains  to 
be  done  but  to  divide  the  known  iide  of  the  equation  by  the 
value  of  the  quantity  which  is  here  denoted  by  ^y  and  to  feek 
for  the  quotient  in  the  tables  of  fines,  cofines,  or  tangents,  as 
the  cafe  may  require,  and  the  value  of  the  uiiknQwn  quantity 
will  be  the  fine,  tangent,  fecant,  or  verfqd  fine,  of  a  given 
part  of  that  arc  (according  as  the  exprefliion  is  found  in  the 
firft,  fecond^  third,  or  fourth  table)  multiplied  by  tlie  value 
of  r. 

n.  If,  as  win  more  frequently  happen,  the  final  equation  of 
an  operation  be  found  equivalent  to  the  fum,  difference,  pro- 
duct, or  quotient,  of  fome  two  or  more  of  thefe  formula ;  or 
to  the  fum,  difference,  produfl:^  or  quotient,  of  fome  two  or 
more  of  them  multiplied  or  divided,  increafed  or  leffened,  by 
fome  known  quantity  or  quantities ;  then,  having  taken  away 
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the  known  quantities  by  the  common  algebraicr  ruleSi  obfenre 
the  foUowhig  ones. 

I  ft.  When  the  equation  Is  found  to  correfpond  with  the  fum 
or  difference  o^  two  formula  in  thefe  Cables,  which  are  the  fine 
and  tangent,  fine  and  coiine,  or  cofine  and  tangent,  of  the  fame 
arc,  by  running  the  eye  along  the  tables  of  natural  fines  and 
tangents,  find  thefe  two  arcs^  immediately  following  one  ano- 
ther, the  fum  or  difference  of  the  fine  and  tangent,  fine  and 
cofine,  or  cofine  and  tangent,  of  which  are  one  of  them 
greater,  and  the  other  lefs  than  the  number  which  conftitutes 
the  known  fide  of  the  equation.    Take  the  excefs  of  one  of 

# 

thefe  fums  or  differences  above,  and  what  the  other  fum  or 

» 

difference  wants  of  the  faid  given  number,  add  thefe  two  errors 
together,  and  fay,  as  the  fum  of  them  is  to  6o'\  fb  is  that 
error  which  belongs  to  the  lefs  arc  to  a  number  of  feconds ; 
which  being  added  to  the  lefs  arc  will  give  one,  the  fum  or  dif- 
ference of  whofe  fine  and  tangent,  fine  and  cofine,  or  cofine 
and  tangent,  is  exa£fcly  equal  to  the  number  which  conftitutes 
£he  known  fide  of  the  equation.  Of  the  arc,  thus  found,  let 
fuch  a  part  be  taken  as  the  table  in  which  the  formula  are  found 
dire^s,  and  the  natural  fine,  tangent,  fecant,  or  verfed  fine  (as 
the  cafe  may  require)  of  this  part,  being  multiplied  by  the 
value  of  r,  if  r  be  found  in  the  equation,  will  be  the  value  of 
X  fought. 

sd.  When  the  equation  happens  to  be  the  produft  or  quo- 
tient of  two  formula  which  exprefs  the  fine  and  cofine,  line 
and  tangent,  or  cofine  and  tai\gent,  of  the  fame  arc,  take  the 
logarithm  of  the  number  which  conftitutes  the  known  fide  of 
the  equation,  and  then  follow  exaftly  the  dire^^ions  given  in 
the  firft  cafe,  ufing  the  tables  of  logarithmic  fines  and  tangents 
inftcad  of  the  tables  of  natural  ones. 

4  s^. 
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3d/ If  tlfe  equation,  finally  refulting  from  the  refolutioti*  o^ 
any  problem,  prefent  itfelf  in  an  exprefiion  which  is  compoiedi 
of  the  fum  or  difference  of  the  fine,  cofine,  or  tangent;  of  an^ 
arc,  of  -which  the  unknown  quantity  is  the  fine,  cofine,  tan- 
gent, or  verfed  fine,  and  the  fine,  cofine,  or  tangent,  of  fom© 
multiple  of  that  arc,  it  will  then,  be •  convenient  to  have 'two, 
tables  of  fines  and  tangents;  and  in  running  the  ey6  along 
them  to  find  the  two  arcs  immediately  following  one  a^nothei*,' 
of  which  thefum  or  difference  of  the  fine,  cofine,  or  tangent, 
of  one  of  them,  and  the  fine,  cofine,  or  t^tigent,  t)f  fotY>e' 
multiple  of  it,  may  lie  lefs',  and'the  fum  ^or  difference ^ of  the? 
fine,. cofine,  or  tangent,  of  the  other,  and  the  fine^  c6fir)f6,^di:^ 
tangent,  of  the  fame  multiple  of  it,  may  be'  gre^ater  thanthe* 
number  which  conftitutes  the  known  fide  of  the  equation,  for 
every,  minute  of  a  degree*  that  the  finger  is  moved  over  ift\dh^',< 
it  muft  be  moved  over  a  riumbqi:  of -minutes  in  the  othf  r,^ 
which  is  equal  to  the  number  of  times  that  tl>e  fingle  arc  isf 
coatained  in  the  multiple  one;'  -Wh'av  thefe -two  arcs  4re 
found,  the  operation  will  not  differ -fo  materially  frofn  that 
which  is  pointed  out -iri'  the  fit-fl  rule  dsTto  merit' repetition.  > 
i  4th^  Ifi  inflead'of  thefum  or  difference  of  the  fine,  cofine, 
or  tangent,  of  an  arc,  and  the  fine,  cofine,  or  tangent,-  of 
fbme  multiple  of  it,,  the  form  of  the  equation  be  fuch  as  to  be 
conftitxited  of  the  produdl  of  themj  orth^  quotient  of  one  di-^ 
vided  by  the  other,  the  laft  rule  will  ftill  hold  good,  ufing  only 
the  logarithmic  fines  and  tangents  inftead  of  the  nntural  ones, 
and  comparing  the  fum  or  difference  of  them,  acoMxling  as  tha 
equation  is  compofed  of  the  produft  or  quotient  of  the  two 
fadors,  with  the  logarithm  of  the  number  which  conftitutes  the 
Icnown  fide  of  the  equation,  inftead  of  that  nural^or  itfelf. 
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5th.  Sometimes  the  final  equariots^  will  come  out  In  exprel- 
-ftoDS  wUich  a^e  conftituted  of  the  (urn,  difference^  produ£l,  or 
quotient,  of  the  fine,  cofine,  or  tangent^  of  fome  xnultiple  of 
an  arc,  ©f  which  the  unknown  quantity  is  the  fine,  t^igqnt^ 
itcant,  x>r  verled  fine,  and  the  fine,  cofii>e^  or  tangent,  of  fame 
other  multiple  of  the  fame  arc.  And  in  any  of  thde^  cafes  it 
is  manifeft,  that  the  method  of  procecdixxg,  in  ordep  tP  obtain 
qne  of  the  multiple  arcs,  and  from  thence  the  fiogle  otfee>  of 
which  the  unktwwn.  quantity  is  the  fine,  tangent,  &c.  w^I 
iiot  be  gfeatly  difercnt  from  thofe  whifh  Wq  bee©  de^ribed  u» 
the  third  a^d  fquith  rtiks>  ..The  <9pft  oiiiterial  dsfieieace  co»i 
fifts  ift  this,  tb?t  inftead  of  proceediji^  iwbtite  bj  minufe^,  ac^ 
coirding  to  the  diredioas  u^  th^  third  rir^  to  i$n4  the  finj^  wc^ 
k  wiU  now  be  raoft  co«veni«tf  tq  ppoceed:  ift  each  t»Ne  ty  » 
inaiiy  win.i»tp»  iteach  ftep  asr  arereqiial  ip  «tmjbe»  tor  liie  iwn»% 
b<t  of  times  which  the  fingle  arc  is  coauiafd  la  the  zaultipld 
fiiies  refpeftively. 

.  ^th.  Eqwatioos  will  frsqwently  .iwJte  thwE  appeanince  m  io9^ 
i^vXdSi  which  exprefs  the  fquare,  ciabe^  in^c.  of  the  fine,  cofine^ 
or  tangent,  of  the  rmilciple  of  fome  arc»  of  whkh  tji«  iin^^ 
known  quantity  is  the  fine»  tangei^t,,  lecant,.  or  verftd  fieej 
^r  3p  formulae  w)uch  are  expreiHve  of  the  fumv  dtdeccace,.  fm-> 
du6l,  &?c.  of  the  fine,  cofitie,  or  tangent,^<^aa  a]Xt^axidfi)mfi 
power  of  the  fine,,  cofine^  or  tangent,  of  the  fame  arc;  or  of 
fome  multij^e  of  it,  the  unknown:  quantity  beiog  fooM  other 
trigonometrical  line  belcmgiog  to  th^t  arc*  Oir  the  equation' 
may  be  compounded  of  the  fuTO^  dijBFeronce,..  produd,.  to:*  o€ 
the  fame,  or  difierent  powers  of  the  fines,  tangeiits,.  oiroofines,. 
of  (^fiereat  miiltiples  of  an.  aire,  the  unknown  qpuantity  bcung. 
the  fine,  tangent,  fecant,  or  verfedfine,  of  thatarc^  In  every 
w^  of  theie  cafes  the  tables  will  give  the  vahie.of  tbeunkopwa 

quantity,. 
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qtiantlty,  and  in  moft  of  them  with  great  eafe  and  expedition^ 
The  method  which  is  to  be  purfued  in  cacli  cafe  will  readil/ 
prelent  itfelf  to  a  fldlful  analyft,  who  attends  carefully  to  What 
has  been  already  laid,  and  to  the  Examples  which  follow. 

IV,  The  formula  in  tlie  four  preceding  tables  may  be  greitl^ 
varied  by  fuppofing  x^  the  unknown  quantity^  to  be  fome  part 
or  parts  of  the  (ine,  tangent,  &c,  as  i,  4t  4f  ^>  ^^*  P^  fomd 
multiple  of  it,  as  twice,  thrice,  &c.  Or  x  may  be  the  fquare, 
or  the  fquare  root,  or  any  other  power  of  the  fine,  tangent, 
fecant,  or  verfed  fine,  of  an  arc  ;  in  every  one  of  which  cafes 
tlie  formula  yrill  put  on  different  appearances,  eithef  With  re- 
ipeft  to  the  {)owers  or  co-efficients  of  tlie  unknown  quantity, 
and  vet  admit  of  the  fame  kind  of  application. 

,  V»,  The  tables  may  be  rendered  y/et  more  extenfively  ufcful  by 
inferting  exprefllions  for  the  fines,  cofines,  and  tangents,  of 
Jtalf  the  arc  which  has  x  for  its  iine,  tangent,  fecant,  or  veried 
(ine ;  and  alfi^  for  the  fines,  cofines,  and  tangents,  of  the  odd 
multiples  of  this  half  arc,  which  expreflions,  together  with 
thofe  already  inlerted,  may  be  confidered  as  the  fines,  cofines, 
an^  tangents,  of  the  multiples  of  an  arc,  the  unknown  quari- 
tity,  being  the  fine^  tangent,  &c,  of  twice  that  arc*  An3 
this  *  confideration  may  fometimes  be  applied  to  very  ufeful 
purpofes. 

Vt  In  Order  to  render  the  formula  in  the  tables  more  generaf,^ 
I  hatfe  (rtat  r  for  the  radius  of  the  circle ;  whereas  it  will  fr6-^ 
quently  happen,  that  the  equation,  finally  rcfulting  front  the 
refolntion  of  a  problem,  efpecially  thofe  which  relate  to  tWe 
do£lh:ine  of  the  fphere,  will  prefetit  itfelf  in  a  form  where  the 
radms  muft  be  taken  equal  to  unity :  what  thefe  forms  are  will 
readily  appear  by  fubftituting  unity  for  r  and  its'  powers  every 
whet6  in  the  exprcfiioii. 

P  p  p  »  It 
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It. would  beendiefs  were  I  to  undertake  to  enumerate  all  the 
various  circumftances  ai)d  cafes  in  which  this  method  of  bring- 
ing put  the  iinknown  quantity  may  be  applied  with  fuccefs : 
what  has  already  been  faid  .will  be  fufficient  to  explain  the 
nature  of  it,  and  to  enable  the  analyft  to  apply  it  in  other  in- 
ftances  as  they^  occur  to  him,  I  (hall  therefore  only  add  a  few. 
examples  to  illuflrate  it. 


E   X    A    M    P   L    E      I.     • 

Let  it  be  required  to  find  the  value  of 4  jf  in  an  equation  of 
the  form  x^  —  rV  =  ^7. 

If  r*  be  expounded  by  50,  and'/^  by  120  (fee  PhiK  Tranf,. 
vol.   LXVIIL   p.    937-)   the    equation    may   be   reduced    to 

^x  X  s/x"^  —  50  =  v/i  20 ;  and,  confequently,  by  tab.  III.  if  r 
be  confidered  as  the  fecant  of  an  arc,  of  which  the  radius  is- 

v^^o,  y/x^  —  50  will  be  the  tangent  of  it,  and  we  (hall  have 
to  find  an  arc,  fuch  that  the  tangent  multiplied  by  the  Iquare 

root  of  the  fecant  may  be  equal  to  \/i2o  ;  or,  which  amounts 
to  the  fame  thing,  fuch  an  arc  that  the  log.  tang»  together 
with  half  the  log.  fecant  may  be  equal  to  half  the  log.  of  1 20. 
But  becaufe  the  tangent  and  fecant,  here  required,  are  to  the 

radius  of  the  v/50,  the  log.*  tangents  and  fecants  in  the  tables 
nruft  be  increafed  by  the  logarithm  of  that  number,  and  there- 
fore log.  tang.  +  ilog.50  +. I  log;  fecant  +  \  log.  50  =  f  log.  x  20 : 
or  log.  tang,  +  { log.  fecant  =  i  log.  1 20  —  |  log.  of  50.  Hence, 
having  taken  |  the  log.  of  50  frorn  J  the  log.  of  1 20,  run 
the  eye  along  the  tables  of  logarithmic  tangents  and  fecants 
vntil  an  arc  be  found  of  which  the  fum  of  the  log.  tangent 
and  half  the  log.  fecant  is  equal  to  19.76536^1^  the  remainder. 

In 
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In  this  manuex.it  will  be  readily  found,  that  the  fumrof  the  log. 
tangent  andLh^lf  the.  Ic^*  :(ecant  of  28°  37'  is  .lefs.  tj^ian  that 
difference  by  20x2,  and  that  the  fum  6f  the  log,  tangent  and 
half  the  log. .  lecant . oj?  28°  38'  is  greater  than  it  by  1337: 
therefore  3349  (2012 +  1^37)  :  60'' ::  2012  :  56'^  Theexadt 
arc,  .therefore,,  of  which  the  fum  of  the. log.  tangent  and  half 
the  log*  fecant  is  equal. to'19. 7653631  is.28''  37'  36^^  and  the 
log.  fecant  of  it  is.  io.0566jZ42>   which  being .  increafed  by 

0.8494850^'  the  Jogi  of:\/50  gives  0.90IS1092,  which  is  the 
logarithm  of  8,0558 xo^  the  value  of  x  fought,  and  which  is 
tcue  to  feven  places. of  .figures. 


EX   A-  M   P   L    E      II. 


To.,  find   the.  value  of   x  in    an    equation,  of   the    form 


4f^  — r*Ar=  — tf. 


If  r  be  expounded  by  3,  and  a  by  10,  ,as  they  are  in  the 
example, .  given  at  p.  433.  of  the  Phil.  Tranf.  vol.  LXX.  the 
equation  wilt  be  a:'- 9^::^.  -  10,  and  may  be  transformed  to 

V^;i;  X  v^9T-.v*=:V'io;;and,  therefofe,  by  tab.  I.  the  fquare 
root  of  the  fijic  into,  the  cofine  of  an  arc,  of  which  the  radium 
ia  3,  is  eqyal.  to  the  fquare  root  .of  10.  Confequently,  an  arc 
muft  be  found,  fuch  that  the  fum  of  the  log.  cofine  and  half 
the  log.  tangent. is  equal  to  half  the  log.^of  io«  But.  becaufe 
the  radius  of  this  arc  muft  be  3,,  the  log»  .fines  and  cofinesmufb 
be  increafed  by  the  log.  of  ^  ;  and,  therefore,  log.  cof.  4rJog.  of  3 

+i  ^^S*  ^^^  +  i  ^^S*  ^^  3  ™^^  ^^  equal  to  half  the  log.  of  10  ; 
or,  an  arc  muft  be  found  pf,  which  the  fum  of  the  tabular  .log»i 
cofine  and  half  the  log.  fine  is  equal  to  the  difference  between 
half  the  log.  of  .10  and  li  the  log.  of  3..  Hence^  having  fub- 
trailed  if  log.  of  3  from  half  the  log.  of  10,  run  the  eye 
%.  .   ,  along 
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alob^g  GAaDXNER*s  tables  of  logarithmic  fines,  by  which  means 
it  will  bf  readily  found,  tha:t  the  fum  of  the  log.  cofine  and 
half  the  log.  fine  of  z%^  53'  30'"'  is  lefs  than  I97&43i8f,  the 
exccfs  of  half  the  log.  of  10  above  li  log.  3,  by  15,  tindthat 
the  lum  of  the  log,  cofine  and  half  the  log.  fine  of  a8'  ^2^  40'' 
is  greater  than  that  difference  by  6o,  Confeqaently  j^ 
(15+60)  :  10^^  ::  15  :  s"".  The  exad  arc,  therefore,  of 
which  rfie  fum  of  the  log.  cofine  and  half  the  log.  fine  is  equal 

to  19.7843181,  is  z8*  $2!  3*''  5  ^^^  '^^  ^g*  ^^^^  ®^  ^^^  2rc» 
increafed  by  tjie  log.  of  3,  is  0.1612153,  tlie  logarithm  of 
1.44949,  the  value  6i  x  required,  true  to  the  laft  place. 

But  many  equations  of  tins  form, ,  and  this  example  among 
the  reft,  admit  of  t\yo  pofitive  values  of  the  unknown  quan- 
tity ;  and  by  carrying  the  eye  farther  along  the  tables  it  will  be 
found  alfo,  that  the  Aim  of  the  log.  cofine  and  half  the  log. 
fine  of  41''  48'  30'^  is  greater  than  19.7843181  by  50,  and 
that  the  fum  of  (he  log.  cofine  and  half  the  log.  fine  of 
41''  48'  40''  is  too  little  by  at.  Confequently,  71  (504-21) 
:  10''  ;:  50  :  7'':  of  courfe,  41''  48^  37^  is  another  arc,  of 
which  the  fum  of  thdlog.  trofine  and  half  the  log.  fine  is  equal 
to  1 9.78431 8 1,  and  the  log.  fine  of  this  arc,  increafed  by  the 
log.  of  3,  is  the  logarithm  of  .i«999999f  another  vdne  of  x, 
and  which  errs  but  by  unity  in  the  feventh  place. 

The  third  root,  as  it  is  generally  called,  of  this  equation, 
which  is  necefl&rily  negative,  and  equal  to  the  fum  of  the  other 
two,  belongs  properly  to  the  eqtiatioii  wWch  is  ^ven  afs  the  firft 
example,  of  which  it  is  the  aflSrmativeroot,  and  may  be  found 
by  the  diredions  which  are  there  |;iven» 
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EXAMPLE      III. 

To    find    the   value   of  ^   in    aa    cquatioia  of  the   form 

Let  us  take  as  examples  of  this  equation  a-' +  3.V  =:  .04^1 
x^  +  3.V  =  .08,  and  x'  +  3X  = . 1 2,  which  are  three  of  the  iiiftances 
given  by  Dr.  halley,  in  his  Synopfis  of  the  Aftronomy  of 
Comets,  to  illuftrata  the  mode  of  cosnputition  that  he  purfued 
in  conftru£):ing^  his  general  table  for  calculating  the  place  of  a 
comtfin  a  parabolk  orbit :  atsd  it  kc^iovis^  4  being  put  for 
the  knpw^i^iide  of  tl^e  f^adon^  tb^t  k  may  be  transformed  to 

\/x  xa/^-^x'  zz>\/a::  where,  if  jc  be  cofifidered  ad^  the  tangent 

of  an  arc»  the  ra^us^  orwhich  is  v^3i  1/5  -h^**  will  be  the  fecant! 
of  that  ne  ;  m^^  confeqtiently,*  by  what  is  (hewn  in  the  firft 
exafAple,  a»  arc  mtift  be'fbtind^fueh,  that  the- fiim  of  the  tabular 
log.  fec^t  zjki  hal£  the  ^^ular  log;  taiPg^nt  may  be  equal  to  tb? 
exce&  of  half  the  log.  of  a  above  |  of  the  log^of  3-  In  the 
iirf!-  oi  the  above  three  inAances  this  excefs  will  be  found, 
19.94318.91,  in  the  fecond  t9fQ93r704i)  and  in  the  tiiird 
1 9.1 8 1 749 7;  and  by  running  the  eye  along  Gardiner's 
Tables' of  Logarithmic  Skies  and  Tatigenfs,  it  will  be  found, 
that  the  6A  falb  between  o'  a6^20^^  and  o^  zd'  39'%  the  fe- 
cond between  0""  5*/  5x3''  and.a®  5dlr^'\  ^^  ^^  *l^d  between 
l"  19'  «a'^  and  j®  r9'  30^^;  and,  bypurfuing  the  mode  which 
hasbfee»  defcribed*in  the  twa  former  examples,  the  exa£k  arcs 
will  he  found  o^"  26^  ^7'\7y  o^  54^  S^^^^?^  ^^^^^"^  ^9t  20", i, 
and  their  refpedlive  tangentsy  to  the  radius  y/^  •01333248^ 
.0^6661  r,  and  -0399787^,  the  three  values  of  x  fought.  And 
in  this  manner  Dr.  halleyV  table  may  be  extended  to  apy 

length  with  the  utmoft  eaie^  ejtpedltion,  and  accuracy, 

^    3.  ThuS' 
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Thus  far  this  matter  has  been  carried  by  former  writers ;  but 
thofe  who  may  be  afthe^troubjei^f jconfulting  them  will  find 
that  I  have  not  copied  their  methods :  on,  the  contrary,  thefe 
which  are  given  here*arem'6re*  plain  ahd  obvious  ^tfian  theirs  are, 
and  the  operations  conlider  ably  (horter.  What  follows  lias  not, 
I  befieve,  -been  adverted  to  by  any  beVore  me. 


♦.   •  ' 
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:   Ixt  the  equation  a rifing^from: the  proportion.^  :  h+x  .  i  -c* 

::  cs/i'^^*  \  €*x  be  taken,  which  is  tiie  refult  of  an  inquiry 
IQto  f the  fituatibn  of  that  .place  on  tlw  furface  of;  the  earthy 
confidered  as  a  fpheroid,  which  is  at  the  great^ft  diftai^ce  from 
a  given  ohq,  fuppofe  London.     In  ;this;«  inquiry  a  and  ^  were 

put.  to.reprcfent  the  fine  and  Qpfiijp  pf;»thelatitud^^^t^5^jtven 

place  (ift'the  fpheroid)^  e  -for  *— ^i  thi  f  atio  of  the  axes*?  and  x 

for  the  fine  of  the  diftarice*of  the  required. place  from  the  oppo- 
llte  pole  (in  the  fpheroid  alfo^.  .  The, equation,  which  is, of 
ibtir   dinienfions   with   all' the   term's^    is    manifeftly  ac.v  — 

Ih+x  ^  \  -c^  x%/i:r^x%  or— =L -AT-.  — '  =  — ;  in  which  it 

is  evident  -from  tab.  I.  that  the  difference  between  the  tangent 
and  the  produft  of  the  ftnc.  int6*a  given  quantity  is  known. 

In  order,  therefore,  to  find  the  value  of  ft^  compute—,'  and 

•,*..»>-.'  1*"'  ..V  *  MC 

^^  ,  and  find  the  logarithm  of  the  latter.  '  -I^w,  becaufe^thc 


ac 


elliptic  meridian  differs' but  little  from  a  circle,  the  place  fought 
wilf  not  be  far  from  the  antipddes  of  the  given  one,  and  its 
cUftande  froiti  the  oppdfite  pole  may  therefore  te  eilimated  at 


3f  5' ; 
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39*  5';  ^^^9  having  taken  out  the  natural  tangent,  and  loga- 
rithmic  line  of  this  arc,  add  the  logarithm  of  -^^^  to  the  lat- 
ter, and  find  the  number  correlponding  to  the  fum,  which  will 
be  lefs  than  the  natural  tangent  of  39°  5^  by  2869.  As  this 
aflumption  is  fo  near,  take  39'  6'^  for  the  next,  repeat  the  ope- 
ration, and  the  refult  will  be  1935  too  great.  Then  4804 
(2869  +  1935)  :  60'' ::  2869  :  36'';  which  being  added  1039*^5  , 
gives  39*'  5'  36^',  for  the  co-latitude  of  the  place  fought,  and 
the  natural  fine  of  this  arc,  or  .6305856  is  the  value  of  x  in 
this  equation. 


EXAMPLE      V. 

Let  the  equation  If' + x  + x =  o,  be  taken, 

which  refults  from  a  folution  of  one  cafe  of  the  problem  de 
inclinationibus  of  afollonius  ;  but  which,  as  it  naturally  rifes 
to  a  folid  problem,  was  not,  I  conceive,  confidered  by  that  cele- 
brated author.  The  refult  of  the  analyfis,  before  any  reduc- 
tion takes  place,  is  this  proportion,  x  +  tf  :  a  — ^  ::  2\/ax  :  b\. 

and  hence,  —7-  y/ax^  \b.  But  it  is  here  manifeft,  that  if  a 
be  taken  for  the  tangent  of  an  arc,  of  which  the  radius  is 

y/axy  X  will  be  the  cotangent  of  it,  and  ^^T^  v^^"^(  =  i^)  the  co- 
fine  of  twice  that  arc.  Confequently,  we  have  to  find  an  arc, 
the  tangent  of  which  is  to  the  cofine  of  twice  that  arc  as  a  is 
to  J  ^ ;  and  this  being  done,  the  natural  co-tangent  of  that  arc, 
to  the  proper  radius,  will  be  the  value  of  x. 

Vol.  LXXI.  Qjl  q  Thus, 
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Thus,  let  ahtio^  and  b  24 ;  and  the  difference  of  theloga* 
rithms  of  a  and  \b  will  be  0.0791812.     Now,  by  runniog  the 
eye  along  Gardiner's  Tables  of  logarithmic  Sines  and  Tan- 
gents, it  will  be  readily  feen,  that  the  log.  tangent  of  id"*  ^^^  50", 
when   increafed  by  0.079 181 2,    ^^   ^^^^    ^^^^   ^^   cofine  of 
53"   7'  /^o"  twice  that   arc ;    and  that   the   log.   tangent  of 
26°  34'  o'',  when  increafed  by  the  fame  quantity.  Is  too  great. 
And,  by  actually  taking  out  the  logarithms,  and  making  the 
additions*  the  former  will  be  found  too  fmall  by  455,  and  the 
latter  too  great   by  632.     Then,   1087   (455 +  63?)  :  10'^:: 
455  :  4^';  which  being  added  to  2&'  ^^^  50'^  gives  ^(y"  23'  54" 
for  the  arc  of  which  x  is  the  co-tangent.     And  if  to  twice  the. 
log.  co-tangent  of  this  arc  the  logarithm  of  a  (10)  be  added^ 
the  fum  (1.6020600)  is  the  log.  of  40,  the  value  of  x  fought* 


EXAMPLE      VI. 

The  equation  refulting  from  a  folution  of  the  famous  problem, 
of  ALHAZEN  may  be  given  as  another  example  of  the  ufe  of  this 
method.  Many  folutioiis  of  this  celebrated  problem,  by  Rtrv- 
GENs,  SLUST0S,  and  others,  may  be  met  wilh  in  the  Pbiloia- 
phical  Traufadions^  Solutions  to  it  may  alfo  be  found  at  the 
end  of  Dr.  robrrt  simpson*s  Conic  Seftions,  in  Dr.  smith's 
Optics,  Mr.  robin's  Mathematical  Trafts,  and  other  places  ;. 
but  the  moft  dired  and  obvious  method  is,  perhaps,  that  which' 
follows. 

l^ut  ^  =  DC,  b^dC,r^Q\\  x^Q^  ami j; ^ CE,  the  cofines. 
of  the  arcs  M,  IH,  to  the  i?adius  r:  th^n  will  the  lines  of 

thofe  arcs,.  BA,  EB,  be  expreflcd  by  \/r*  —  at*  and  v^r*— ^*;. 

aiiid, 
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and,  becaufe  of  the  limilar  triangles 
ABC    and   BFC,  HEC    and    dQQ, 
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a* 


r    :  4r::  <7  :  —  =  CE,  r  :  v^r*— *' 

r 


a 


y^^-x'- 


b 


=DF;r:_y::3:^=  CG,  and 


rxs/r^-  / ::  bxi^zL-dG;  con- 


r 


fequently,^  -  r  =  FI,^  -  r  =  GI ;  and 

becaufe  the  angles  DIF,  ^IG,  are  equal 
\iy  the  nature  of  the  problem,  and  the 
angles  DFI  and  dG\  both  right  angles,  the  triangles  DFI  and 

^GI  are   alfo  fimilarj    and  confequently  ^       ""*   :  —  -  r  :; 


:— -^';  andr7^r== 

r  r  r  r  —  * 

^mmm  ^  - 


X 


V;^^/-       h^i^^y^^ 


or 


^r*-y 


:  or,  the  co-fecant  of  the 


arc  H!  -7^  ^  —  co-fecant  of  AI  -f-  «  =  the  co- tangent  Hf  -^r  —  co- 
tangent AI  -f-  r ;  or,  laftly^  the  co-tangent  of  HI  -  co-tangent 

of  AI  =  co-fecant  of  HI  x  -  —  co-fecaflt  AI  k  - .  Confequently, 

we  have  to  find  two  arcs,  the  fum  of  which  is  given,  arid  fuch 
that  the  difference  of  their  co-tangehts  miy  be  eqtial-  to  the  dif- 
ference of  the  products  of  their  co-fecants  into  given  quan- 
tities. 

To  do  this  affume  the  angle  DCF  as  near  as  poffible  ;  and, 
becaufe  the  fum  of  the  two  angles  is  given,  the  angle  ^/CG  will 
be  known  alfo.  Take  the  difference  of  the  logarithms  of  r  and 
tf,  r  and  ^,  which  will  be  conflant,  alfo  the  difference  of  the 
co-tangents  of  the  two  aiTumed  arcs,  and  having  taken  out  the 
log.  co^-fecants,  add  to  them  refpedively  the  two  logarithmic 

0^^  4  ^  differences. 
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difFcreiices.  Find  the  numbers  correfponding  to  thefe  two 
fums,  and  if  the  difference  of  thefe  two  numbers  be  equal  to 
the  difference  of  the  co- tangents,  the  angle  DCF  was  rightly 
aflumed ;  but  as  that  will  feldom  happen,  take  the  difference, 
or  error ;  aflurne  the  angle  DCF  again,  repeat  the  operation, 
and  find  the  error  as  before.  Then,  as  the  fum  of  the  errors, 
if  one  of  them  was  too  great,  and  the  other  too  little,  ortheir 
difference,  if  both  were  too  great,  or  both  too  little,  is  to  the 
difference  of  thefe  affumptions,  fo  is  the  lefs  error  to  a  number 
of  minutes  and  feconds,  which  muft  be  added  to  that  aiTump- 
tion  to  which  the  leaft  error  belongs,  if  that  alTumption  was  too 
fmall ;  or  fubtrafted  from  it,  if  the  aiTumption  was  too  great : 
and,  unlcfs  the  firft  affumption  was  made  very  wide  of  the 
truth,  which  may  always  be  avoided,  the  two  angles  will  gene- 
rally be  obtained  within  a  few  feconds  of  the  truth,  and,  by 
repeating  the  operation  once  more,  to  the  utmoft  exa£tnefs. 

SuppofeDC  {a)  be  taken  equal  to  72,  ^C  (^)  =  48,  and  the 
radius  CI  (r)  =  40,  the  angle  DC^  being  82"*  45':  then  the 
whole  operation  will  ftand  as  follows : 

r  =  4olog,  11.6020600         -  -  11.6020600 

tf=72log.  ^•8573325         ^  =  48  log.  1.6812412 

Conftantlog.       9.7446275         Conftant  log.      9.9208188 

Now,  in  the  two  triangles  DCI,  dClj  the  angles  DIC  and 
die  being  equal,  and  CI  common,  but  dC  conliderably  lefs 
than  DC,  it  is  manifeft,  that  the  angle  dCl  will  be  coniiderably 
lefs  than  the  angle  DCI :  let  them  be  afTumed  in  the  proportion 
that  DC  bears  to  its  excefs  above  dC  ;  in  which  cafe  the  angle 
dQl  will  be  27''  35'  and  DCI  ^f  10'.  The  co-tangent  of  the 
former  will  be  1.9141795,  of  the  latter  •6958813;  and  the 
difference  of  them  1.2182982.    The  log.  co-fecants  of  thofe 

two 
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two. angles  are  10.3343832  and  10,0857536,  which  being  re- 
fpcftively  increafed  by  9.9208188  and  9.7446275,  the  two 
conftant  logarithms,  make  0.2552020  and  9.830481 1,  which 
are  the  logarithms  of  1.7997079  and  .6768323;  and  the  dif- 
ference of  thefe  two  numbers  is  1. 1228756,  which  is  iefs  than 
the  difference  of  the  log.  co-tangents  by  .0954226. 

I  next  afliime  the  angles  30°  and  52°  45' ;  and  by  purfuing 
the  fame  fteps  which  have  been  defcribed  above,  I  find  the  dif- 
ference of  their  co-tangents  exceeds  the  difference  of  the  pro- 
dufts  by  .0028987.  Then,  as  925239  (the  difference  of  the. 
errors)  is  to  145'  (the  difference  of  fuppofitions),  fo  is  the  latter 
error  28987  to  4'  33^',  which  being  added  to  30**,  gives 
30*"  4^  2^'^  for  the  next  affumption  of  tlie  angle  dCl ;  but*  for 
eafe  in  the  computation  I. (hall  take  30''  5^;  in  which  cafe  the 
angle  DCI  will  be  52°  40^ ;  and  by  repeating  the  operation  the 
difference  of  the  co-tangents  will  be  found  Iefs  than  the  dif- 
ference of  the  produfts  by  .0002425.  And  5 141 2  (the  fiim  of 
the  two  laft  errors)  is.  to  5'  (the  difference  of  the  fuppofitions) 
as  2425  (the  laft  error)  is  to  23'^ ;  which  being  taken  from 
39'*  5',  the  laft  fuppofition,  becaufe  it  was  too  great,  leaves 
30°  4^  3/^  for  the  exaft  value  of.  the  angle  ^CI. 

This  equation,  like  that  in  the  fourth  example,  when  the 
value  of  y  is  properly  fubftituted,  and  the  equation  reduced  iu 
the  ufual  manner,  will  rife  to  four  dimenfioas  with  all  the 
inferior  ones;  and  it  does  not  appear,  that  either  huygens, 
SLUsius,  Mr.  R0BIN6,  Dr.  willson,  or  Profeflbr  simson, 
with  all  their  artifice,  have  been  able  to  deprefs  it :  but  by  this 
method,  of  refolution  the  poiot  of  refleftion  is  found,  with  the 
greateft  exaflnefs,  in  much  Iefs  time  than  this  fubftitution  and 
reduction  can  be  made.  And  this  example  farther  fuggefts  to  • 
us,  that  when  the  anfwcr  is  fought  by  the  method  now  under  • 
2 .  confi-.  - 
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confideratidh,  it  is  not  always  neceffary  to  exterminate  all  the 
unknown  quantities  but  one. 


EXAMPLE      VII. 

Suppofe  the  equation  to  be  refolved  were  a  =  .375  = 
i6f:=^/^y^-2oy^z±i^y^  +  ^yx  and,  firft,  let  the  upper  figns 
have  place,  and  it  is  manifeft,  that  the  latter  fide  of  the  equa- 
tion may   b^  divided  into  two  parts;  namely,    4^*  — 4y*=: 

4/.  I  +y  .  1  -JV,  and  i6y- 2oy +  5^=y  -  loy  .  1  -^y  .  i  -y 

+  Sy  •  ^  +^P  •  I  -y*«  But  the  former  part  is  (by  tab.  I.)  the 
fquare  of  the  fine  of  twice  the  arc  which  hz^y  for  its  fine  (radius 
beings  i)  and  the  latter  part  the  fine  of  five  times  the  fame 
arc.  Hence,  therefore,  the  given  quantity  tf  (  =  .375)  is  equal 
to  the  fum  of  the  fine  of  five  times  the  arc  (A)  which  has  jr 
for  its  fine,  and  the  fquare  of  the  fine  of  twice  the  fame 
arc.  Now,  as  the  fquare  of  the  fine  of  twice  the  arc  (A) 
mufl:  neceflarily  in  this  inftance  be  very  fmall  in  comparilbn  of 
the  fine  of  five  times  the  fame  arc  (A),  it  is  toahifeft,  that  the 
fine  of  five  times  the  arc  which  has  y  f6r  its  fine  Will  be  very 
little  lefs  than  ^^JS^  ^^^  ^^  courfe  that  arc  (5A)  can  be  but 
very  little  lefs  than  22°  2',  the  fine  of  which  is  next  greater 
than  that  number.  AflTume  it  21  °,  and  the  fifth  part  of  it,  or 
that  arc  which  has  y  for  its  fine,  will  be  4°  1 2',  the  dotible  of 
which  is  8°  24^  Now  the  log.  fine  of  8°  24'  is  9.1645998^ 
which  being  doubled  1S8.3291996,  th^  logarithm  of  iO 2 13403, 
and  this  number  being  taken  from  .375  leaves  •^S3^S97'^ 
which  ought  to  have  been  •3583679,  the  fine  of  21%  and  of 
courfe  is  too  fmall  by  ,0047082  :  the  arc  has,  therefore,  been 
affumed  too  great. 

Let 
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Let  2Q^  45'  be  next  affumcd ;  the  fifth  jjart  of  which 
is  4""  9^^and  twice  this  laft  number  is  8°  18',  of  which 
the  log*  .fine  is  9.1594354;  and  this  being  doubled  is 
8.3188708,  the  log*  of  .0208387;  and  this  being  taken 
from  .375  will  leave  #3541^13'.  lefs  ftill  than  the  fine  of 
20°  45^  by  .0001297. 

Take  now  20°  44',  the  fifth  of  which  is  4°  8'  48^^  and 
two-fifths  is  8""  17'  36''' ;  and  the  log.  fine  of  this  is  9.159:^889, 
which  being  doubled  gives  8.3 18 1778*,  the  logarithm  of 
•0208055  ;  and  this  being  taken  from  .375»  leaves  .3541945  ; 
more  than  the  fine  20°  44'  by  .0000795.  Now  2092  (the 
fum  of  the  laft  two  laft  errors)  is  to,  60''  as  795  (the 
laft  error)  is  to  23^^  Which  being  added  to  20°  44^,  the 
laft  aflbmption,  gives  20°  44'  23'^  for  five  times  the  arc  of 
which  y  is  the  fine :  y  is  therefore  the  fine  of  4""  8'  52''.6, 
or  .07233202. 

When   the  lower  figns  in  the  equation  have  place,    the 
given  quantity  a  will  be  equal  ta  the  excefs  of  the  fine  of  five 
times  an  arc  above  the  fquare  of  the  fine  of  twice  that  arc :  and. 
the  operation,  after  affuming,  from  the  circumftances  of  the 
queftion,  or  equation,  an  arc  which  is  nearly  five  times  that 
having  y  for  its  fine,  is  this.     Find  the  logarithmic  fine  of 
two-fifths  of  that  arc,  double  it,  find  the  number  correfponding 
to  this  logarithm,  and  add  to  it  the  value  of  ^,  which  (hould 
then  be  equal  to  the  fine  of  the  arc  firft  aflTumed ;  and  if  it 
is  not,  to  repeat  the  operation  until  an  error  is  obtained  on: 
each  fide,  and  not  very  diftant  from  the  truth,  as  is  done  above, 
and  which  may  always  be  done  with  three  aflbmptions. 

A  multitude  of  examples  might  be  added  from  the  writings 

of  different  authors,  who   have  cither  left  tlfeir  conclufions- 

7  unex- 


\ 

478  Mr.  WALES  on  the  Re/9/utian,  &c. 

unexhibited  in  numbers,  for  want  of  fome  fuch  cafy  method 
33  this,  or  have  done  it  by  means  of  a  long  and  laborious 
feries  of  difficult  computations ;  wluch,  befide  the  labour 
attending  them,  are  always  fubjeft  to  a  variety  of  errors, 
which  cannot  be  detected,  in  many  cafes,  without  repeating 
the  operation- 
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certain  Circumjlancesj  pqffefs  of  producing  Cold^  By  Adair 
Crawford,  M.  D. ;  communicated  by  Sir  Jofeph  Banks,  Bart. 
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Read  June  14^  1781. 

IN'  the  foWowmg'  paper  I  fliall  lay  before  the  Society  the' 
refolt  of  ibme  experiments,  which  I  made  in  the  courfe  of 
the  laft  fbmmer,  on  the  power  that  animals,  when  placed  in  cer- 
tain cireumftances,  pofleis,  of  producing  cold,  having  pre-  * 
mifed  a  few  remarks  on  the  progreffive  improvements  which 
have  been  made  in  the  knowledge  of  heat  in  general. 

The  opinions  of  the  ancients,  refpefting  the  nature  and  pro- 
perties of  fire,  confifted  of  bold  cbnjefl:ures,  which  feem  ' 
rather  to  have  been  the  ofispring  of  a  lively  and  vigorous  ima- 
gination, than  of  a  juft  and  correft  judgement :  their  ideas  on 
this'fubjeft  beings  evidently  derived,  not  fo  much  from  an  accU* 
rate  obfervation  of  fadls,  as  from  thofe  fentiments  of  admira- 
tion and  awe  which  many  of  the  phenomena  of  fire  are  calcu- 
lated to  excite.  Tlius,  this  eleraentwas*  fuppofed,  on  the  ori- 
ginal formation  of  the  univerfe,  to  have  afcendfed  tb  the  higheft 
place,  and  to  have  occupied  the  region  of  the  heavens :  it  was 
conceived  to  be  the  principle  which  firft  communicated  life  and 
aftivity.  to  the  animal  kingdom :  it  was  confidered  as  confti-  ^ 
tuting  the  eflence  of  inferior  intelleftual  beings ;  and,  by  many 
of  the  ancient  nations,  it  was  reverenced  as  the  fupreme  Deity. 
Indeed  the  profound  veneration  with  which  the  element  of' 
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fire  was  contemplated,  for  a  long  fucceffion  of  sgts^  by  a  great 
part  of  mankind,  appears  to  be  one  of  the  moft  curious  cir- 
cumftances  in  the  hiftory  of  antient  opinions.  To  account  for 
this  we  may  obferve,  that  there  is  no  jprinciple  in  nature,  ob- 
vious  to  the  fenfes,  which  produces  fuch  important  efiedts  in 
the  material  fyftem,  and  which,  at  the  fame  time.  In  the  mode 
of  its  operation,  is  fo  obfcure  and  incomprehenfiblc. 

It  appears  to  be  accumulated  in  an  immeufe  qyantity  in  the 
fun  and  fixed  ftars,  from  whence  its  benefi^cial  influence  feetns 
to  be  continually  difFufed  over  the  univerfe :  it  is  the  great 
iuftrument  by  means  of  which  the  changes  of  the  feafons  are 
cfi^dledi    the  diverfity  of  climates  is   chiefly  owing  to  the 
various  proportions  in  which  it  is  dlflributed  throughout  the 
earth..    If  we  add  to  this  the  mighty  alterations  which  have 
been  produced  in  human  affiiirs  by  the  introdudUon  of  artifidal 
fire,   by  its  employment  in  the  feparation  of  metals  from  their 
ores,  and  in  the  various  arts  which   are  fubfervient  to  the 
comfort,  the  ornament,  and  the  prefervation,  of.  the  fpecies^. 
It  will  not  appear  furprizing,  that  in  a  rude  and  igporaat  age,. 
this  wonderful  principle  Ihoujd  have  been  confidcred  as  endued- 
with  life  and  intelligence,  and  that  it  ihould.  have  become  the 
ohjtGt  of  religious  veneration.. 

In  the  dark  ages  the  alchymifts  regarded  pure  flee  as- the 
refidence  of  the  Deity  :  they  conceived  it  to  be  uncreated  and. 
immenfe,^  and  attributed  to  its  influence  moft  of  the  j^eno- 
mena  of  nature.  Indeed,^  it  is  not  wonderful .  that  thfyr.  ihould 
have  afligned  it  a  high,  rank  in  the  fcale  of  being,  as^itmvas  the 
great  agent  which  they  employed  in  the  chymical  analyfis  of 
bodies,  and  was  the  inflrument  of  thofe  difcoveries  that  attraftedr 
fuch  univerfal  admiration,  and  that  enabled  them  fo  fiiccefl*- 
i^Uy  to  impofe  upon  the  ignorance  and  credulity  of  the  times* 

Upon 
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Upon  the  revival  of  literature,  the  importance  of  this 
branch  of  fcience  began  very  foon  to  engage  the  attention 
of  philofophers.  It  could  not  efcape  the  general  obfervation, 
in  a  penetrating  and  inquifitive  age,  when  the  powers 
of  the  human  mind  were  employed  with  fo  much  ardour 
and  fuccefs  in  exploring  the  operations  of  nature^  that  the 
element  of  fire  ads  a  principal  part  in  the  fyftem  of  the 
world ;  that  by  the  influence  of  this  element  thofe  motions 
are  begun  and  fupported  in  the  animal  and  vegetable  king- 
doms, which  are  eflential  to  the  produftion  and  prefervatioii 
of  life;  and  that  it  is  the  great  agent  in  thofe  fucccffive 
combinations  and-  decompofitions,  by  which  all  things  on  the 
furface  of  the  earth,  and  probably  throughout  the  univerfe^ 
are  kept  in  a  continual  fluftuation. 

But  though  the  utility  of  this  branch  of  fcience  was  per- 
ceived, yet  the  progrefs  that  was  made  in  the  cultivation  of  it 
did  not  keep  pace  with  the  opinion  which  men  entertained  of 
its  importance.  Our  fenfes  mform»  us,  that  heat  has  a  real 
exiftence,  but  they  give  us  no  direft  information  with  regard  to 
its  nature  and  properties :  it  is  endowed  with  fuch  infinite  fub- 
tilty,  that  it  has  been  called,  by  a  very  eminent  philofopher,  an 
occult  quality :  by  fome  it  has  even  been  confidered  as  an  im- 
material being.  It  is,  therefore,  with  great  difficulty  that  it  can 
be  made  the  fubjedl  of  philofophical  inveftigation  ;  and  hence 
the  opinions  of  men  concerning  it  have  been  flu£hiating  and 
various,  and  the  words  which  exprefs  it  vague  and  ambiguous. 

The  firft.  ftep  that  was  t;aken  with  a  view  to  the  cultiva- . 
tion  of  this  branch  of  fcience  was  the  conftruftipn  of  a  ma-  r 
chine  for  meafuring  the  variations  of  fenfible  heat ;  obferving, . 
that  heat  has  the  power  of  expanding  bodies,  and  confideriijg. 

R  r  r  2  the.; 
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the  degree  of  expanfion  as  proportional  to  the  increafe  of  b^at;. 
philofophcrs  have  endeavoured  by  means  of  the  former  to  ren* 
der  the  latter  obvious  to  the  fenfes. 

To  this  important  invention,  the  author  of  which  cannot 
be  diftinftly  traced,  wc  are  mdeUted  for  all  the  fucceeding  im- 
provements in  the  philofophy  of  heat.  By  means  of  it  men 
were  enabled  to  eftablifh  a  variety  of  interefting  fafts,.  and  to 
bring  fome  of  the  moft  obfcure  and  intricate  phenomtna  of 
nature  to  the  teft  of  experiment.  The  opinion,  that  the  heats 
inherent  in  various  heterogeneous  fubftances  dieted  from  each- 
other  in  kind,  as  well  as  in  degree,  was  now  exploded,  fince  all 
were  found  to  produce  fimilar  effe6h  upon  the  thermometer.. 
The  increafe  and  dimimition  of  temperature  in  the  different 
feafbns  and  climates,  the  laws^  which  nature  obferv^s  in  the 
heating  and  cooling  of  bodies,  the  melting,  the  vapotific,  and 
ihining  points,  and  the  degrees  of  heat  in  the  animaf,  the' 
mineral,  and  the  vegetable  kingdbms,  were  accurately  deter- 
mined. In  confequence  of  the  attention  that  was  paid  to 
this  fubjdftv  many  curious  queftions  aroii,  which  have  long 
exercifed  the  ingenuity-  of  philofophcrs.  That  property  of 
heat  by  which  it  is  capable,  of  expanding  the  denfeft  and  hardeft 
bodies ;  its  power  in  producing  fluidity ;  its  tendency*  to  an 
equilibrium ;  and  the  causes  of  its  various  diftribution  through- 
out the  diflferent  fubftances  In  nature.  Have  become  the  objeds 
of  philoi<^hical  enquiry;  It  was  obferved,  that  fdtxie  bodies 
on  expo&re  to  heat,  become  red  and  luminous,  but  are  ifica- 
pable  of  producing^  flame,  or  of  maintaining  fire :  that;  on 
the  contrary,  others,  by  the  application  of  fire,  and  the  con- 
tad  of  freiSi  air,  kindle  into  flame,  and  continue  to  etnit' light 
aod  heat,  apparently  from  ti  iburce  within  tHcmfelVes,  tUl'tKey 
afe  <:onfumed«  Hence  arofe  *ttie  queftions  concerning  the  pabu- 
lum 
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Bim  of  fire,  the  ufe  of  the  air  in  inflammation,  and  the  difiinc- 
tion  of  bodies  into  combuftible  dnd  incombuffible. 

From  the  firft  dawnings  of  philofophy  it  muft  have  been 
perceived,  that  moft  animals  have  a  higher  temperature  than 
iJie  medium  in  which  they  live  ;  and  that  a  conftant  fucceffion 
of-  frefh  air  is  neceffary  to  the  fiipport  of  animal  life.  The 
Oaufes  of  thcfc  phenomena  have  afforded  matter  for  much  fpe- 
culation  in  ancient  as  well  as  modern  times  :  but  the  difcovery 
that  animals  have,  in  certain,  circurnftances^  the  power  of 
keeping  themfelves  at  a  lower  temperature  than  the  furrounding 
medium,  wasrcferved  for  the  induftry  of  the  prefentage. 

This  difcovery  fcems  originally  to  have  arifen  from  obferva- 
tions  on  the  heat'  of  the  human  body  in  warm  climates.  It 
\)^as  meirtioncd  by  Governor  ellis  in  1758  ;  it  was  taught  by 
t>t.  ctJtLENv before  the  year  1765 ;  and  at  length  it  was  com- 
pletely eftablilhed  by  tbe  experiitoents  of  Dr.  fordyce  in. 
heated  rooms,  which  were  laid  before  the  S6ciety  in  1 774. 

In  the  courfe  of  thele  experiments  the  doAor  remained  in  a « 
mdift  air  heated  to  r3b*  for  the  fpace  of  fifteen  minutes,  during 
which  titne  the  theirtfaometer  under'  his  tongue  ftood  at  1 00^, 
hfe  pulfe  made  139  beats  in  a  minute,  his  relpiration  was  but 
little  affefted,  and  ftreams  of  water  ran  down  over  his 
whole  bodyi  prbdeediiig  from  the  cohdfenfation  of  vapour,  as . 
eVldfetttly- appfearfed'frdtfa'a  {imilaf  cdiidenfation  on  the  fide  of  a 
Florentine  flafle  tHat^  had^bderi  filled  with  Water  at  loo^ 

He'fourid,  hoWeter,  that  he  ctould  beat  a  much  greater 
degree  of  hear  When  thtf  air  Was  dry.  In  this  fituation,  he 
frequently  fUjppo'tted,  naked;  for  a  confiderable  time,  without 
mtith  iiiconvehience;  the  Heat  of  266^,  his  body  preferving 
very  nearly  its  proper  temperature,  bemg  never  raifed  liaofe 
than:  2^  above  tHfeiiatUlral^fiaiidafd. 
"  Various 
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Various  opinions  have  been  entertained  with  regard  to  the 
caufes  of  the  fafts  which  were  eftablifhed  by  thefe  experiments. 
Some  have  attributed  the  cold  folely  to  evaporation,  and  have 
conceived  that  the  fame  degree  of  refrigeration  would  have 
been  produced  by  an  equal  mafs  of  dead  matter,  containing  an 
equal  quantity  of  moifture.  Others  have  affirmed,  that 
tlie  cold  did  not  arife  folely  from  this  caufe;  but  have 
maintained,  that  it  depended  partly  upon  the  energy  of  the 
vital  principle,  being  greater  than  what  would  have  been  pro- 
duced by  an  equiil  mafs  of  inanimate  matter. 

The  ingenious  Dr.  munro,  of  Edinburgh,  afcribes  the  cold 
in  the  above  mentioned  experiments  to  the  circulation  of  the 
blood,  in  confequeiuce  of  which  the  warmer  fluids  are  conti- 
nually propelled  from  the  furface  towards  the  center,  where 
they  are  mixed  with  blood  at  a  lower  temperature,  and  hence 
the  animal  is  flowly  heated,  in  the  fame  manner  as  the  water  in 
a  deep  lake,  during  the  winter,  is  flowly  cooled,  and  not  with- 
out a  long  continuance  of  froft  congealed,  no  part  of  it  becom- 
ing folid  till  the  whole  is  brought  down  to  the  freezing  point. 

The  following  experiments  were  made  with  a  view  to  deter- 
mine with  greater  certainty  the  caufes  of  the  refrigeration  in 
the  above  inftances. 

To  difcover  whether  the  cold  produced  by  a  living  animal, 
placed  in  air  hotter  than  its  body,  be  not  greater  than  what 
would  be  produced  by  an  equal  mafs  of  inanimate  matter,  I 
took  a  living  and  a  dead  frog,  equally  moifl:,  and  of  nearly  the 
fame  bulk,  the  former  of  which  was  at  67"*,  the  latter  at  6^""^ 
and  laid  them  upon  flannel  in  air  which  had  been  raifed  to  ic6**. 
In  the  courfe  of  twenty-five  minutes  the  order  of  heating 
was  as  follows  *. 

*  In  the  two  following  experiments  the  thermometers  were  placed  in  contad 
with  the  ikin  of  the  animals  under  the  a^ilke. 

In 
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Air. 

Dead  frog. 

Living  frog* 

I 

e 

70I 

67i 

2 

loa 

72 

68 

3 

lOO 

7^1 

69 1 

4 

100 

73. 

70 

25 

95 

8ii 

781 

The  thermometer  being  introduced  into  the  ftomach,  the 
internal  heat  of  the.  animals  was  found  to  be  the  fame  with 
that,  at  the  fur  face* 

From  hence  it  appears,  that  the  living  frog  acquired  heat 
more  flowly  than  the  dead  one.  Its  vital  powers  muft,  there- 
fore, hav^  been  aftive  in  the  generation  of  cold. 

Todetermuie  whether,  the  cold  produced  in  this  inftance  de- 
pended fblely  upon  the  evaporation  from  the  fiirface,  increafed 
by  the  energy  of  the  vital  principle,  a  living  and  dead  frog 
were  taken  at  75°,  and  were  immerfed  in  water  at  93?,  the 
living  frog  being  placed,  in  fuch  a  (ituation  as  not  to  interrupt 
refpiration. 

Dead  frog..  Living  frog. 

In  I.  85:  81 

2  88i  85, 

3  9o|v  8.7 

6'  9if  89, 

8  9ii  89 

Theft  experiments  prove,  that  living  frogs  have  the  facultyV 
of  refitting  heat,  or  producing  coldy  when  immerfed  in  warm* 
water:  and  the  experiments  of  Dr..FORDYCE  prove,  that  the' 
human,  body  has  the  fame  power  in  a  moift  as  well  as  in  a  idry 

*  In  the  above  experiment  the  water,  by  the  cold  frogs  and  by  the  agitation' 
which  it  fu&red  during  their  immerfion,  was  reduced  nearly  to  9i°|. 
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ulr :  it  is  therefore  highly  probable,  that  this  power  does  ntft 
depend  folely  upon  evaporation. 

It  may  not  be  improper  here  to  obferve,  that  healtTiy  frogs, 
in  an  atmofpherc  above  70°,  keep  themfelves  at  a  lower  tempe- 
rature than  the  external  air,  but  are  warmer  internally  than 
at  the  furfacc  of  their  boplies :  for  when  the  air  was  yy\  a  frog 
was  found  to  be  68%  the  thermometer  being  placed  ip  coptaft 
w'lth  the  Ikin ;  but  when  the  thermom/ster  \ya§  intro4u^ed  into 
the  ftomach,  it  rofe  to  70°!. 

It  may  likcwife  be  proper  to  mention,  tliat  an  anin^al  of  the 
fame  fpccies  placed  in  water  at  61%  was  found  to  be  nearly 
^i^'i  at  the  furface,  and  internally  it  was.  66^1.  Thefe  obr 
Icrvations  are  meant  to  extend  only  to  frogs  living  in  air  or 
water  at  the  common  temperature  of  the  atmofphpre  iix  Cum- 
mer. They  do  not  hold  with  refpe^  to  thofe  animals,  whai 
plunged  fuddenly  intp  ^  warm  medium,  ast  in  the  preceding 
experiments. 

To  determine  whether  other  animals  alfo  have  the  power  of 
producing  cold,  when  furrounded  with  water  above  the  ftan- 
dard  of  their  natural  heat,  a  dog  at  102°  was  immerfed  in 
water  at  1 1 4°,  the  thermometer  being  clofely  applied  to  the 
ikin  under  the  axilla,  and  fo  much  of  his  head  being  wicovered 
«s  to  allow  him  a  free  refpiration. 

In  5  minutes  the  dog  was  loS"",  water  lit'' 
^  -  -  lop         -      112 

II  *  -         108        -     1 1 2  the  reipiratioii 

having  become  very  rapid* 

In  thirteen  minutes  the  dog  was  loS^^  water  1.12%  the  re* 
ipiration  being  ftiU  more  rapid. 

In  about  half  an  hour  the  dog  was.  109%  water  112%  tho 
animal  was  then  in  a  vexj  languid  fiate* 
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Small  quantities  of  blood  being  drawn  from  the .  femoral 
artery,  and  from  a  contiguous  vein,  the  temperature  did  not 
ieem  to  be  mtich  increafed  above  the  natural  ftandard,  and  the 
feniible  heat  of  the  former  appeared  to  be  nearly  the  fame  with 
that  of  the  latter. 

In  this  experiment  a  remarkable  change  was  produced  in  the 
appearance  of  the  venous  blood :  for  it  is  well  known,  that  in  the 
natural  ftate,  the  colour  of  the  venous  bloo4  is  a  dark  red,  that 
of  the  arterial  being  light  and  florid ;  but  after  the  animal,  in 
the  experiment  in  queftion,  had  been  immerfed  in  warm  water 
for  half  an  hour,  the  venous  blood  afflimed  very  nearly  the  hue 
oF  the  arterial,  and  refembled  it  fo  much  In  appearance,  that  it 
was  difficult  to  diftinguifh  between  them;  It  is  proper  to  ob- 
ferve,  that  the  animal  which  was  the  fubjeft  of  this  experi- 
ment^ hid  been  previoufly  weakened  by  lofing  a  confiderable 
quantity  of  blood  a  few  days  before.  When  the  experiment 
was  repeated  with  dog-s  which  had  riot  fufiered  a  fimilar  evacua- 
tion, the  change  in  the  coloiir  of  the  venous  blood  was  more 
gradual ;  but  in  every  inftance  in  which  the  trial  was  made, 
and  it  was  repeated  fix  times,  the  alteration  was  fb  remarkable, 
that  the  blood  which  was  taken  in  the  warm  bath  could  readily 
be  diftinguifhed  from  that  which  hid  been  taken  from  the  fame 
vein  before  imnierfion,  by  thofe  who  were  unacquainted  with 
the  motives  or  circumftances  of  the  experiment. 

T<^  difcover  whether  a  fimilar  change  would  be  produced 
in  the  colour  of  the  venous  blood  in  hot  air,  a  dog  at  102^  was 
placed'ln  air  at  134^* 

In  ten  minutes  the  temperature  of  the  dog  was  104^!,  that 
of  the  air  being  1 30.  In  fifteen  minutes  the  dog  was  106°,  the 
air  1 30''.    A  fmall  quaft tity  of  blood  was  then  taken  from  the 

VoE.  LXXL  S  f  f  jugular 
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jugular  vein,  the  colour  of  which  Was*  fenfibly  altered,  being 
much  lighter  than  in  the  natural  ftate. 

The  efFed  which  is  produced  by  external  heat  upon  the  co- 
lour of  the  venous  blood,  feems  to  confirm  the  following  opinion, 
which  was  firft  fuggefted  by  my  worthy  and  ingenious  friend 
Mr.  WILSON,  of  Glafgow.  Admitting  that  the  fenfible  heat  of 
animals  depends  upon  the  feparation  of  abfolute  heat  from  the 
blood  by  means  of  its  union  with  the  phlogiftic  principle  in  the 
minute  vefllls,  may  there  not  be  a  certain  temperature  at  which 
that  fluid  is  no  longer  capable  of  combining  with  phlogifloo, 
and  at  which  it  muft  of  courfe  ceafe  to  give  oft  heat  ?  It  was 
partly  with  a  view  to  inveftigate  the  truth  of  this  opinion  that 
I  was  led  to  make  the  experiiiients  recited  above .  ^ 

I  fhall  no^y  eijdeavour,  from  the  preceding  fads,  to  explain 
what  appear  to  me  to  be  the  true  caufes  of  the  cold  produced 
by  animals  when  placed  in  a. medium,  the  temperature  of  which 
is  above  the  flandard  of  their  natural  heat. 

In  a  work  which  I  fome  time  ago  laid  before  the  public,  hav* 
ing  attempted  to  prove,  that  animal  heat  depends  upon  the  fcpa- 
ration  of  elementary  fire  from  the  air  in  the  procefs  of  refpira- 
tion,  I  obferved,  that  when  an  animal  is  placed  in  a.  warm 
medium,  if  the  evaporation  from  the  juligs  be  increafed  to  a 
certain  degree,  the  whole  of  .the  heat  feper^ited  frOm  die  air 
will  be  abforbed  by  the  aqueous  vapour. 

From  the  cxperinaents  on  venous  and  arterial  blood,  recited 
in  the  third  fedlion  of  that  work,  it  appears,  that  the  capacity 
of  the  blood  for  containing  heat  is  fo  much  augmented  in  the 
lungs,  that,  if  its  temperature  were  not  fupported  by  the  heat 
which  is  feparated  from  the  air.  In  the  procefs  of  refjpiration,  it 
would  fink  30^.  Hence,,  if  the  evaporation  from  the  lungs  be  fo 
much  increafed  as  to  carry  off  the  whole  of  the  heat  that  is 

detached 
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detached  from  the  air,  the  arterial  blood  when  it  returns  by  the 
pulmonary  vein  will  have  its  fenlible  heat  greatly  diminifhed, 
and  will  confequently  abforJb  heat  from  the  veflels  which  are  in 
contaft  with  it,  and  from  the  parts  adjacent.  The  heat  which 
IS  thus  abforbed  in  the  greater  veflels  will  again  be  extricated 
in  the  capillaries,  where  the  blood  receives  a  frelh  addition  of 
phlogifton.  If,  in  thefe  circumftances,  the  blood  during  each 
revolution  were  to  be  equally  impregnated  with  this  latter  prin-. 
ciple,  it  is  manifefl,  that  the  whole  effeft  of  the  above  procefs 
would  be  to  cool  the  fyftem  at  the  center,  and  to  heat  it  at  the 
furface ;  or  to  convey  the  heat  to  that  part  of  the  body  where 
it  is  capable  of  being  inftantly  carried  off  by  evaporation.  But 
it  appears,  from  the  experiments  which  have  been  laft  recited, 
that,  when  an  animal  is  placed  in  a  heated  medium,  the  fan* 
guineous  mafs,  during  each  revolution,  is/j/S  impregnated  with 
phlogifton ;  for  we  have  feen,  that  the  venous  blood,  in  thefe 
circumftances,  'becomes  gradually  paler  and  paler  in  its  colour 
till  at  length  it  acquires  very  nearly  the  appearance  of  the  ar- 
terial :  and  it  is  rendered  highly  probable  by  the  experiments  of 
Dr.  PRIESTLEY,  that  the  dark  and  livid  colour  of  the  blood  in 
the  veins  depends  upon  its  combination  with  phlogifton  in  the 
minute  veflels.  Since,  therefore,  in  a  heated  medium,  this  fluid 
does  not  aflume  the  fame  livid  hue,  we  may  conclude,  that  it 
does  not  attraft  an  equal  quantity  of  the  phlogiftic  principle  *. 

*  It  is  of  no  confequence  in  the  above  argtiment,  whether  wc  fuppofe,  with 
Dr.  pRiEsTtiY,  that  the  alteration  of  colour  in  the  blood  dcpc«ds  upon  its  com-' 
blnation with  phlogifton  in  the  capillary  arteriei,  or. maintain  with  feme  other 
philofophers  that  this  alteration  arifcs  from  a  change  produced  in  the  blood  itfelf  by; 
the  a£iion  of  the  veiTels ;  it  is  fufHcient  for  our  purpofe  to  afTume  it  as  a  fadt, 
which,  1  think,  has  been  proved  by  direct  experiment,  that,  in  the  natural  ftatc 
^of  the  animal,  the  blood  undergoes  a  change  in  the  capillaries,  by  which  its  capa- 
city for  containing  heat  diminiihed ;  and  that  in  a  heated  medium  it  does  not 
nodergg  a  finiilar  change, 
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It  follows,  that  the  qyaiitity  of  hea;  given  off  by  the  blood 
in  the  capillaries  will  not  be  equal  to  that  which  it  h^  ab- 
forbed  in  the  greater  veflelff,  or  pofitJve,  cold  will  be  pro4iKed. 
If  the  blood,  for  example,  in  its  paffage  to  the  capillaries,  ab- 
forb  from  the  greater  veflels  a  quantity  of  heat  as  30°,  and  if 
in  confequence  of  its;  recehring  a  icfs  impregnation  of  phlo- 
gifton  than  formerly,  it  give  off  at  the  extreme  yeffels  a  quan- 
tity of  heat  only  as  20"^,  it  is  manifeft,  that  upon  the  whole  a 
degree  of  refrigeration  will  be  produced  as  1 0°,  and  this  caufc 
of  refrigeration  will  continue  to  aft  while  the  venous  blood  is 
gradually  affuming  the  hue  of  the  arterial,  till  the  difference 
between  them  is  obliterated ;  after  which  it  will  ceafe  to  ope- 
rate. Thus  it  appears,  that  when  animals  are  placed  in  a 
warm  medium,  the  fame  procefs  which  formerly  fupplied 
them  witk  heat  becomes  for  a  time  the  inftrument  of  pro- 
ducing cold,  and  probably  preferves  thenxfrom  foch  rapid  alte- 
rations of  temperature  as  might  be  fatal  to  lite. 

Upon  the  whole,  the  increafed  evaporation,  the  diminution 
of  that  power  by  which  the  blood  in  the  natural  ftatc  is  im- 
pregnated with  phlogifton,.  and  the  conftant  reflux  of  the 
heated  fluids  towards  the  internal  parts,  feem  to  be  the  great 
caufes  upon  which  the  refrigeration  depends.  Having  found 
that  the  attraftion  of  the.blood  to  phlogifton  was  diminiflicd  hj 
heat,  it  appeared  probable,  on  the  other  hand,  that  it  would  be 
increafed  by  cold.  To  determine  this,  a  dog  at  100°  was  im- 
merfed  in  water  nearly  at  45°.  In  about  a  quarter  of  an  hour 
a  fmall  quantity  of  blood  was  taken  from  the  jugular  vein, 
which  was  evidently  much  deeper  in  its  colour  than  that  which 
had  been  taken  in  the  warm  bath,  and  appeared  to  me,  as  well 
as  to  feveral  other  gentlemen^  to  be  the  darkefl  venous  blood 
we  had  ever  feen. 

<  From 
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From  this  experiment,  compared  with  thofe  which  have 
been  recited  above,  we  may  perceive  the  reafon  why  animals 
preferve  an  equal  temperature,  notwithftanding  the  great  varia- 
tions in  the  heat  of  the  atmofjphere,  arifing  from  the  viciffi— 
tudes  of  the  weathet,  and  the  diflerende  of  feafon  and  climate :. 
for,  as  foorf  as  by  expdfare  to  external  cold,  an  unufual  diflipa- 
tion  of  the  vital  heat  is  produced,  the  blood,  in  the  courfe  of 
the  circulation^  begins  to  be  more  deeply  impregnated  with  the 
phlogiftlc  principlci  It  will  therefore  furnifli  a  more  copious  - 
fupply  of  this  principle  to  the  air  in  the  lungs,  and  will  imbibe- 
a  greater  quantity  of  fire  in  return* 

In  fummer,  on  the  contrary,  the  feyerfe  of  this  will  take 
place,  lefs^  phlogifton  will  be  attrafted  in  the  minute  veflels,. 
and  lefs  fire  will  be  abforbed  from  the  air. 

And  hence  the  power  of  generating  heat  is  in  all  cafes-  pro- 
portioned* to  the  demand.     It  is  increafed  by  the  winter  colds,, 
diminifhed  by  the  fumnaer  heats :  it  is  totally  fufpended  or  con- 
verted into  a  contrary  power,  according  as  the  exigencies  of  the 
animal  may  require. 

From  the  changes  which  are  produced  in  the  colour  of"  the 
venous  blood  by  heat  and  cold,  we  may  likewife  perceive  the 
re^fon  why  the  temperature  of  the  body  is  frequently  increafed* 
by  plunging  fuddejnly  into  cold  water,  and  why  the  warm  bath; 
has  fueh  powerful  efieds  in  cooling  the  fyflem,  and  in  removing; 
a  general  or  partiaL  tendency  to  iriflammation. 
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communjfated  by  Dr.  Watfon^  JufL  of  Bath,  F.ILS^ 


•  Read  April  26,  lySt. 

ON  Tuefday  the  13th  of  March,  between  ten  and  eJevcn 
in  the  evenhig,  while  I  was  examining  the  fmali  ftars  iii 
the  neighbourhood  of  H  Geminorum,  I  perceived  one  that  ap- 
peared vifibly  larger  than  the  reft :  being  ftruck  with  its  uncom- 
mon magnitude,  I  compared  Ft  to  H  Geminorum  and  the  fmall 
ftar  in  the  quartiie  between  Auriga  and  Gemini,  and  finding  it 
fo  much  larger  than  either  of  them,  fufpeftcd  it  to  beatcfeet- 
I  was  then  engaged  in  aferies  of  obfervations  oh  the  f^raJlax 
of  the  fixed  ftars,  which  J  hope  foon  to  have  the  honour  of 
laying  before  the  Royal  Society ;  and  thofe  obfervations  requiring 
very  high  powers^  I  had  ready  at  hand  the  feveral  magnifiers 
of  227,  460,  932,  1536,  2010,  &c.  all  which  I  have  fuc* 
cefsfully  ufed  upon  that  occafion.     The  power  I  had  on  when 
I  firft  faw  the  comet  was  227.     From  experience  I  knew  that- 
the  diameters  of  the  fixed  ftars  are  not  proportionally  magnified 
with  higher  powers,  as  the  planets  are ;  therefore  I  now  put  on 
the  powers  of  460  and  932,  and  found  the  diameter  of  the 
comet  increafed  in  proportion  to  the  power,  as  it  ought  to  be, 
on  a  fuppofition  of  its  not  being  a  fixed  ftar,  while  the  dia- 
meters of  the  ftars  to  which  I  compared  it  were  not  increafed 
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m  the  fame  ratio*  Moreover,  the  comet  being  magnified  muck 
beyond  what  its  light  would  admit  of^  appeared  hazy  and  ill- 
defined  with  thefe  great  powers^  while  the  ftars  preferved  that 
luflre  and  diflinftnefs  which  from  many  thoufand  oblervations 
I  knew  they  would  retain.  The  fequel  has  fhewn  that  my^ 
furmifes  were  well  founded,  this  proving  to  be  the  Comet  we 
have  lately  obferved. 

I  have  reduced  all  my  obfervatfons  upon  this  Comet  to  the 
following  tables.  The  firft  contains  the  meafures  of  the  gra- 
dual increafe  of  the  Comet's  diameter.  The  micrometers  i 
ufed,  when  every  circumflance  is  favourable,  will  meafure  ex- 
tremely fmall  angles^  fuch  as  do  not  exceed  a  few  iecends,  true 
to  6,  8,  or  lo  thirds  at  moil ;  and  in  the  worft  fituations  true 
to  20  or  30r  thirds  i  I  have  therefore  given  the  meafures  of  the 
Comet's  diameter  in  feconds  and  thirds.  And  the  parts  of  my 
micrometer  being  thus  reduced,  I  have  alfo  given  all  the  reft  of  *^ 
the  meafures  in  the  fame  manner ;  though  in  large  diftances^ 
fuch  as  one,  two,  or  three  minutes^  fo  great  an  exadtneis^  for 
feyeral  reafoiis,  is  not  pretended  to« 
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-T  ABLE  I.    Meafures"  of  the  Comet's  diameter  ♦. 


Days. 


//  /// 


Powers. 


March  17 
21 

28 


April 


29 

2 

6 
18 


t 


»  5S 
*  59 

3  38 

4  7 

3  58 

4.   7 

4  25 

4  15 

4sa 

5  l« 

5  20 

S     i 


932.  460. 
932.  460. 
460. 

227    1  ^'^^^  nicafuTCs  igrcc  to  9'"* 

227  rather  too. fmall  a  meafur^ 
227  fceras  right, 

227 

227 
227 
227  very  good ;  tiot  liable  tp  bsilf  a  Qpcondof  ernyr. 

227  true  to  12'"  or  18'"  at  moft. 


Having  meafured  the  diameter  of  tfa!e  Comet  vnth,  (uch 
high  power  as  932  and  4605  it  may  not  be  amifk  to  make  one 
obfervation  on  this  fubje£t^  left  it  ihould  be  mifapprehended 
that  I  preftend  to  a  di(lin£t-poWer  of  fucfa  magnitade  upon  all 
cdeftial  objeds  in  getler^*  «  By  experienoe  I  have  founds  that 
the  aberration  or  indiftinftneft  occafioned  by  magnifying  mudi^ 
provided  the  objed  be  ftill  left  fufEciently  diftind,^  is  rather  to 
be  put  up  with,  than  the  power  to  be  reduced,  when  the  angles 
to  be  meafured  are  extremely  fmalL  The  reafbn  of  this  may, 
perhaps,  be  that  a  fmall  error  of  judgement,  to  which  we  are 
always  liable,  is  of  great  confequence  with  a  low  power,  as 
bearing  a  confiderable  proportion  to  the  diameter  of  the  objed ; 

^  There  are  feveral  optical  deceptions  which  may  afie£l  the  meafiires  of  objeds 
that  fubtend  extremely  fmall  angles.  Thus  I  have  found,  by  experience,  that  a 
▼cry  imall  obje^  will  appear  fomething  lefs  in  a  telefcope  when  we  fee  it  firft  than 
when  we  become  familiar  with  it.  There  is  alfo  a  deflexion  of  light  upon  the 
wires  when  they  are  neariy  ihut;  but  as  none  of  thefe  deceptions  are  well 
enough  underftood  to  apply  a  corre^ion,  1  leave  them  aficded  with  them. 

whereas 


whereas  with  a  higher  power  the  proportion  of  this  error  to 
the  whole  becomes  mticfi  lefs,  and  die  meafure  more  exaA,  even 
after  we  hare  made  allowance  for  a  flnall  additional  error  occa- 
fioned  by  the  want  of  that  perfedl  diftindnefs  whigh  is  required 
for  other  purpoi^s.  '^However^  to  enter  deeply  into  an  expla*- 
nation  of  this  would  lead  me  to  ipeak  of  the  caufes  of  the 
aberration  of  rays  in  the  focus  of  an  object  fpeculum,  of 
which  there  are  ibme  that  are  feldom  taketi  into  confideratidki 
by  opticians,  and  indeed  are  fuch  as  cannot  be  calculated;  but 
this  not  beings  my  prefent  purpofe,  fuffice  it  to  obferve,  that 
the  method  is  juftiAed  by  experience. 

When  the  diameter  of  the  Comet  was  increafed.  to  about  4'', 

« 

1  thought  it  advifable  to  lefien  the  power  with  which  I  mea^ 
fured ;  and,  as  I  made  ufe  of  two  dificrent  micrometers,  as 
weH  t»-e3re-gbflfes,  I  todc  a  mcafurc  with  both  of  them.  The 
agreement  of  the  micrometers  to  9^^^  is  no  fmall  proof  of  the 
goodnefs  of  the  obfervations  of  the  29th  of  March,  and  very 
properly  conneAs  the  meafures  of  t;he  high  powers  wkh  tho£^ 
that  were  made  with  227. 


« 
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TABLE  u.  DIftance  of  the  Comet  froia  certain  telescopic  fixed 
ftars  which  I  have  madced  «»,  jS,  y,  J,  C|.  ^» 
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35 
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40 

40 
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46 
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39c  true  to  4  or  5'',  lan^iiidi&reot  obfervationrt 

4  true  to  4  or  5", 
46  true  to  2  or  i\ 


3  true  to  2  or  3 
49  true  to  4  or  5"^; 
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51  true  10  a  . 
48  true  to  2  or3"'. 
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5.7  efli  mated  by  the  field,  true  to  5  or  6'^ 
14  by  the  micrometer,  true  to  3  or  4.'^ 
5iS  true  to  3.  or  4". 

^j-mcan  ^  y^'\  true  to  i^'or  i^^ 


57 
5  true  to  3  or  4", 


^  The  figtir^f  are  djawn  upon  a  fcale  of  80  fecondi  to  one  inch* 
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TABLE  III.  Angle  of  pofition  of  the  Comet  with  regard  to  the 
parallel  of  .declination  of  the  fame  teleicopic  fixed  ftarsmea* 
furcd  by  a  micrometer,  of  which  I  have  glvpn  the^de(crip- 

•    tion,  and  a  magnifying  power  of  2)8.     See  fig.  i^  z.  3.  4. 
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MifceUaneina  obfervaiums  and  ranktrh. 

*  March  19.  The  Comet's  apparent  motion  is  at  prefent2j 
feconds  per  hour.  It  moves  according  to  the  order  of  the  figns, 
and  its  orbit  declines  but  very  little  from  the  ecliptic. 

March  25,.  The  apparent  motion  of  the  Comet  is  accele- 

w 

fating,  and  its  apparent  diameter  feems  to  -be  itKrreafing. 

March  28.  The  diameter  i»  cdrtdnty  inc)«afed,  ftom  whkk 
we  may  conclude  that  the  Comet  approaches  to  vg. 

April  2.  This  evening  at  8  h.  15'  thji  Comet  was  a  little 
above  the  line  drawn  from  1;  to  d  m  fig,  7,  This  igan  i&oaly 
deKneated  by  the  «ye,  fo- that  no  very  great  exa^&els  in  the 
diftances  of  the  ftars  is  tp  be  jsxpe^ed ;  but  I  ihall  take  the 
firft  q3port|;inity  of  meafuring  theit  relpdaive  fituadoos  by  the 
micrometer.  .-■<.• 

April  6.  With  a  mJ^^ing^  power  of 
appeared  perfe^y  (harp  upon  the  e(be^' 
defined,  without  the  Itaft  appearance  of  any  beard  or  tail. 

April  16.  Fig.  8.  reprefcntsthe  fituatjon  of  the  Comet  this 
evening  about  nine  o'clock,  and  is  only  an.  eye^draifght  of  tb» 
telefcopic  ftars. 

Remarks  an  the  path  of  the^  Comet. 

We  may  ob&nre,  that  the  methdd  of  tracing  out  the  path 
of  a  celeiEiail  body  by  taking  its  diftancefhw  certain  ftars.  and 
the  angle  of  pofition,  with-regird  to  them,  cannot  be  expefikcd  to 
give  us  a  compleatlyjuft  rcprefentation  of  the  trad  itdefcribes, 
fince  even  the  moft  careful  obiervations  are  liable  to  Uttle  enors, 
both  from  the  remaining  Smperfeftbns  of  mftruments,  though; 

ther 


278  times  the  Comet 


>x 


^'♦r;. 
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pf  a  Ctnnrt.  4o« 

•         •  • 

they  f!iouIdl)e  the  mbft  accurate  that  can  be  had^  and  from  the 
ififficufty  of  taking  angles  and  pofitions  of  objeAs  in  motioiL 
Add  to  this  a  third  caufe  of  error,  namely,  the  obfcurlty  of 
Very  finall  telefcopic  ftars  that  will  not  permit  the  field  of  viei»' 
fo  well  to  be  enfis^htened  as  we  could  wi(h,  in  order  to  fee  the 

threads  of  the  micrometer  pcrfeftly  diftin£t. 

f 

This  will  acteouftt  for  die  apparent  diftortions  to  be  oblerved 
in  my  figures  of  the  Comet's  path.     Some  little  irregularity 
therein  may  alio  proceed  from  different  refraftions,  as  they  have 
nbt  been,  tsdcen  into  account,  though  the  obfervations  have 
been  made  at  Very  different   altitudes,   where  confequently 
the  refraflions  muft  have  been  very  different.     But  though, 
this  method  may  be'  liable  to  great  inconveniences,  the  prin* 
cipal  of  which  is,  that  many  parts  of  the  heavens  are  not  fuf- 
ficiintly  ftored'  with  fmall  ftars  to  give  us  an  opportunity  to> 
mafdfvire  fromrthem^.  yet  the  advantages  ate  not  lefs  remarkable. 
.I^us  weftetbat  it  enabled  B^e  to  diftkiguifli  the  quantity  and- 
dfae^fKi  of  the  motion  of  this  Comet  in  a  finglc  day  (from  the 
ijth  to  the  19th'  of  March)»to  a  niuch  greaterdegree  of>exa£i- 
Aeis- than  coold  have  been  done  in  ib  ihort  a  time  by  a  fedor  or. 
tranfit  inftaruinent  ^  nay  even  an  hour  or  two,  we  fee,  wem  in- 
tervals* long  enough  to  ihew  that  it  was  a  moving  body^  andl 
coi>{cq«ently,.haditsiTze  not  JMointed  it- out  as  a  Cornet^  the 
changie  of  place,,  though  £a  trifling  as  aifecond^  per  hour^, 
would  have  been  <  fufHcient  tOHXcafion  the  difcoveryw    A  gen^- 
tteman  very  v|^U  known  for  his  remarkaMe  fuccefs  in  detecting ; 
Comets  ^  ieevijS  to  be  well  -a wire,  of  ^  the  difficulty  to  difcover  A; 
motion  in  a  h^w^enly  body  by  thecommon .ooeithods  when  it  la > 
fb  very  fmall ;  for  in  a  letter  he  favoured  me  with,  fpeaking  of  r 
the  Comet,  he  fays;  ^  Rien  p*etoit  phis  difficile  que  de  la 
f ^  rotennqkre  et  je  ne  puk  pas  ooocevoir  comment  vous  av^-ptf : 

••  revenir. 


cop  Mr.  fiKSiSCHEL^yiccount 

"  revcnir  plufieqrfi  fois  fur  ^ette  ctoUc  ou  Com^te;  car  abfolu- 
"  mcnt  U  a  fallu  Tobferver  plufieura  jours  de:jfujto,poiec.  s'ap* 
^*  per^evoirqu^elle  avoit  un  mouvemcnt.'*:       .   . 

T  need  not  fay  that  I  merely  point  this  o^t,  as  a  texaporary 
advantage  in  the  method  1  have  taken ;  for  as  foou  as  we  can 
have  regular,  conflant>  and  long  continued  obiervations  by 
fixed  indruments,  the  excellence  of  them  is  too  well  known  to 
fay  any  thmg  upon  that  fubjedl :  •  for  which  reafon  I  failed  not 
^o  give  immediate  notice  of  this  moving  flar,  and  was  happy  to 
furrender  it  to  the  care  of  the  Afironomer.  j^oy^l  and  others,  as 
fooiv  as  I  found  they  had  begun  their  obfervatiqnS'  upon  it« 


* 
DefcripUon  of  a  micrometer  for  taking  the  angle  of  poJitioTf. 

FIG.  L  Rcprcfents  the  micrometer inclofed  in  a  turned  cafe 
of  wood,  as  it  is  put  together^  rc^dy  to  be  ufed  with  the  tde^ 
fcope.  A  is  a  little  box  which  hblds  the'feye-gkfs.  B  is  the 
piwe  which  cdvers  the  infide  work,  and  the  box  A  is  (crewed 
into  it.  C  is  the  body  of  the  micrometer  contafining  the  braft 
work,  (hewing  -tbe 'index  plate  a  prcgedling^at  one  fide,  wher6 
tlw  cafe  is  cut  away  to  receive^it^  D  is  a  piece,  having  a  (crew 
b  at  the  bottom,  by  means  of  wfiich  the  micrometer  is  fa((ened 
to  the  telefcope.  To  the  piece  C  is  given  a  cirfciilar  motion,  itl 
the  manner  the  horizontal  motion  is  generally  given  to  Grc^ 
gorian  reflefbors,  by  the  lower  part  going  through  the  piece  D, 
Sphere  it  is  held  by  the  fcrew  E,  which  keeps  the  two  pieces 
C  and  D  togecher,ii)ut  leaves  them  at  librtty^to  turn  upon 
fach  other..  ,       /  .  .  •  'A\  ;  '•      ;  •    j 

.    Fig.  II.  Is  a  Teftion  of  the  cafe  coiUaining  the  brifs  t^ork, 

Ifvhere  niay  be  obfervcd  the  piece  B  lioUo^vtd  out  to  rcceiite  the 

3  .  ■'  ^  box 
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box  A,  which  confifts  of  nvo  parts  inclofing  the  eye  lens.  This 
figure  alfb  (hews  how  the  piece  C  paflTes  through  D,  and  is  held 
by  the  ring  E :  the  brafs  work,  confiftingof  a  hollow  cylinder^ 
a  wheel  and  pinion,  an*d  Index  plate,  is  there  reptefented  in  its 
^ace.  F  is  the  body  of  the  brafs  work,  being  a  hollow  cylin- 
der with  a  broad  rim  c  at  the  tipper  end  ;  this  rim  is'  partly 
turned  away  to  make  a  bed  for  the  wheel  J.  The  piiiion  e 
tunia  the  wheel  ^,  and  carries  the  index  plate  a.  One  of  its 
pivots  moves  in  the  armp^J  fcreweJ  upon  the  upper  part  of  r, 
which  arm  ferves  alfo  to  confine  the  wheel  J  to  its  place 
upon  c.  The  other  pivot  is  held  by  the  arm  g  faftened  to  F. 
,  Fig.  III..  Is .  ac  plaft  of  the  brafs  work^  Tlie  wheel  J^.  which 
is  in  the  f<^rm  of  a  ring,  is  laid  upon  the  upper  part  of  F  or  r, 
9Ad  ^eld  by  two  fmsM  arms  jf  tad  ^,  ferewed  down  to  e  with 
thfe  fcrews  if  L 

'  Fig..  I V^  Is  9  plan  of  the  brafs  work.  ^,  d^  is  the  wheel 
ptaccid  iiipon  the  bed  or  fbcket  of  the  rim  of  th?  cylinder  c,  c^ 
9nd  is  held  down  by  the  two  piecesy^  b^  which  zrt  fcrewed  upon 
f ,  e.  The  piece  /*  projeSs  over  the  center  of  the  index  plate 
to  receive  the  u^per  pivot  of  the  pinion  m^  n^  is  the  fixed  wire 
faitened  to  c,  c  ^, ./,  th«  moveable  wire  faftened  to  the  annu- 
lar wheel  dj  d.  ;  The  index  plate  a  is  divided  into  60  parts,  i 
feach  fub-divided  into  two,  and  miUed  upon  the  edge.  When 
the  finger  is  drawn*  over  the  milled  edge  of  the  index  platen 
from  ^  towards  r;  the  angle  m,^  j,.  a, .  will  open,  and  if  drawi\ 
from  r  towards  q^  it  will  Ihut  again.  The  cafe  C,  C,  mud 
have  a  (harp  corner  /,  which  icrves  as  a  hand  to  poin  out  the 
dlvi£oq  00  the  index  plate^ 
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XXXm.  A  Letter  from  Jofeph  Willard  to  the  Rev.  Dr. 
Mafkelyne^  jiftronomer  Royal^  concerning  the  Longitude  of 
Cambridge  in  New  England* 


Read  July  5,  1781. 

R  £  V.    S I  A) 

THE  difiercnce  of  meridians  between  Greenwich  and 
Cambridge  has  been  generally  redconed  4  k.  44^  This 
was  what  the  late  Dr.  wihtRrop  made  ufe  of;  but  I  do 
not  find  that  he  determined  it  by  a£tual  obfervations^  mkdt  by 
him  at  Cambridge,  compared  widi  correfpofi^ng  ones, .  made 
«t  the  Royal  Obfervatory  at  Greenwich.  It  appears,  that  in 
1769,  tit  the*  time  of  the  tranfit  of  Venus^  the  doftof  was  nor 
entirely  certain  of  the  longitude  of  Cambridge.  He  m^itiofted 
4  h«  44^  as  near  the  truth ;  but  *  for  better-  Sgitig  it,  he  gisive 
feveral  of  his  obfervations  of  thd'  ediples  of  Jupiter's  ^tctlitet 
to  be  compared  with  thofe  made 'at  Greenwich ;  but  there  wors 
too  few  correfponding  ones  to  detertni ne  the  peint  with  pieci* 
(ion ;  and  as  modern  aftronomets  00  not  make  ab(blut6  depen* 
dence  upon  the  difierence  of  meridians  deduced'fram  the  eclipfeft 
of  Jupiter^s  fatellttes,  unlefa  there  has  been  ^4  iertes  of  obfei"* 
vations,  both  of  immerfions  and  emerfions,  I  have  wiiked  M 
fii^  fome  obfervations  of  iblar  eclipfes  and  €>ccultation$  of  fixed 
ilars  by  the  moon,  made  at  Cambridge,  of  which  correfpond- 
ing ones  were  made  at  Greenwioiib  I  have  met  with  no  obfer* 
vations  of  occultations  made>by«Dr.  winthrof;  but  a  fblar 

1  eclipfe 
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ccUpfe  was  obferved  by  him  and  feveral  other  gcntfemen,  at . 
his  houfe,  Auguft  5,  1766,  at  which  I  was  prefent  and  affift- . 
ing,  being  then  a  refident  graduate  at  Harvard  College :  \\\\% 
ecUpfe,  Sir,  I  find  that  you  obferved  at  Greenwich.  By  your 
obfervations  in  the  printed  volume,  a  copy  of  which  the  Royal 
Society  was  fo  generous  as  to  fend  to  Harvard  College,  which 
was  received  the  laft  fpring*  and  for  which  the  College  Is  very 
grateful,  I  find  the  beginning  of  the  eclipfe  was  fcen  by  you 
at  5  h,  29^  56''P.Mv  and  the  end  at  7  h.  1 1'  27'^  P.M.  apparent 
time.  At  Dr.  winthrop-'s  h©ufe  at  Cambridge,  lat.  42°  2^^ 
N.  the  beginning  of  this  eclipfe  was  obferved  at  1 1  h.^/  23.' 
A.M»  and  the  end  at  2  h.  45'  9'^  P.M.  apparent  time.  Allow- 
ing for  the  ^heroidal  figure  of  the  earth,  and  going  through. 
the  parallactic  calculations  and  deductions,  I  find  the  difference 
of  meridians  between  Greeawich  and  Cambridge,  by  the  ob- 
^rvations  of  this  eclipfe,  robe  4 h.  44'  22^^ 

In  the  tranfit  of  Venus,,  in  1769,,  the  internal  contaft  was 
obferved  by  Dn  winthrop  at  2  h,  47'  ofl^'^  apparent  time,  and 
by  Mr.  ititchins,  at  the  Royal  Obfervatory,  at  /h.  28'  5.7^' 
apparent  time.  Allowing  the  fun*s  parallax  on  the  day  of  the 
tranfit  to  be  V^^s  I  find  by  calculation  from,  thefe  obferva^ 
tions,  that  the  difference  of  meridians  between  Greenwich  and 
Cambridge  is  4  h.  44'  i  z".  The  reafen  of  my  taking  Mr^ 
HiTCHiNS*s  obfervation  is,  your  faying,  that  the  telefeope 
which  he  ufed  was. much  fuperior  to  all  the  others  which  were 
made  ufe  of  at  that  day  at  the  Obfervatory ;:  and  to  its  greater 
excellence  and  diftindnefs  you  attribute  the  difference  of  26^^ 
by  which  Mr.  hltchins  faw  the  internal  contad  before  you. 
There  feems  to  be  the  greater  propriety,  when  comparing  the 
American  obfervation s  of  that  phenomenon  with  thofe  made 
at  Greenwich,  to.  take  that  where  the  obferver  was  peculiarly 
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aided  by  the  diftinftnefs  of  his  telcfcope,  bccaufe  the  fun  wai 
very  near  the  horizon  with  you,  while  with  us  the  altitude 
was  great,  and  the  atmofphere  exceeding  clear.  Taking  the 
4nean  between  the  deduftion  made  from  the  observations  of  the 
internal  contaft  of  Venus,  aiid  of  the  heginning  and  ending  of 
the  above  folar  eclipfe^  the  difference  of  mendians  between 
•tjreenwich  and  Cambridge  is  4h»  44'  jf\ 

I  find,  Sir,  in  a  letter  from  you  to  Dr.  sivtlTB  of  Phila- 
delphia, Dec.  a6,  1769,  that  by  the  obfervations  <}£  the 
eclipfes  of  Jupiter*s  fatellites  made  at  Norritoil  ycJU  deter- 
mined the  difference  of  meridians  between  Greenwich  and 
Norriton  to  be  5  h.  1^  o'  35'^  If  we  fubtraft  $%'\  the 
difference  eif  meridians  between  Philadelphia  akid  Narrkoa^ 
gotten,  agreeably  to  your  tsequefl,  by  terreftrial  ttieal^meiit^ 
we  find  the  difference  of  meridians  between  Oreenwich  atiA 
Philadelphia  to  be  5  h.  o'  43'',  which  is  lAie  fame  that  it  appears 
to  be  by  the  immerfions  and  ^marfions  of  Jupker^s  firft  iiitel- 
lite  obferved  at  Philadelphia,  ^orreded  in  the  '&mt  matindr 
you  corredted  the  obfervations  for  NdrritOB,  which  is  8" 
more  than  Dr.  ewikg's  determination.  By obfervcftions  ^  the 
tranfit  of  Mercury  in  1769,  made  at  Ckmbridge  and  Phila^ 
delphia,  the  difference  of  meridians  between  thofe  two  places 
appears  by  the  external  contaA  lo  be  i6f  02^',  by  the  inteinal 
1 6'  28'^;  the  mean  1 6'  30^^  ifubtraflied  from  5  h.  o'  43'^  leaves 
4  h.  44^  1 3^'  for  the  difference  <ff  meridians  between  Green;* 
wich  and  Cambridge  dedticed  in  this  way,  which,  though  not 
'dired,  may  yet  be  confidered  as  an  evidence  of  fome  weight  to 
:prove,  that  the  difference  i«  more  than  4h.  44^  and  that 
4  h,  44'  17^'  may  be  very  near  the  truth.  This  is  the  difierence 
tthat  I  at  prefent  take^  when  I  make  ufe  of  tables  fitted  to  the 
.meridian  of  Greenwich  i  but  I  (bould  be  ftiti  glad  of  more 
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correfpondihg  obiervatioa?  to  afcertaln  this  point.  June  24,, 
1778,  there  was  %  foltr  eclipfe,  vilible  bpth  at  Greenwich  and 
€!ambridge.  The  beginaing  of  this  eclipfc  was  obfervcd  at 
Cambridge  by  the  late  Dr.  winthrop  at  9  h.  &  20''  A-M. 
and  the  end  at  n  h.  ^f  22''  A.M.  apparent  time.  If  the  at-r 
mofphere  £aivouittd  yo^r  obferving  it  at  Greenwich,  I  (hould  be 
extrepi^y  obli^d  to  you,  if  jqw  wovld  communicate  tome 
your  obCerTations^  I  (hall  aHb  bq  happy  to  know  the  time  of 
the  begkisiing  of  the  iblar  eelipfe  of  the  23d  of  next  April  ar 
ISreeawjch^ 

I  njQmr,.6ir;  beg  leaAre  to  commwnipate  to  you  fome  obferva- 
tion^'Of  the  folar  oclipfe  of  the  27th  of  1^(1  Odober.  At 
Boiredy,  Jaf;  42^  36"^  N*  P  carefjjlly  ^fcertaiqed  the  gokig  of 
xny  clock,  by  eqiial  aUitudes  of  the  fun*s  supper  ^n4  }ower  limb, 
£qt  &rreral'days  finceding  the  ecUpfe^  and  on  the  day  when  it 
happened,  ^conflahtiy  applying  the.cqvi<ition  for  the  change  of 
4bdinatiom  O£bober'25th9  wb&ii  the  fun's  cf^nter  paffed  the 
xneridian,  A  was  by  the  cloc^  n  \i.  59^  11^'';  on  the  26th,. 
M Ja.  j^  15'' ;  ond^on  the  27th,  1 1:  h-  5/  i8'^ 

Two  gentlemen  ebfervad  ,^ith  ijipj  the  rpv.  Mf.. cutler 
of-Ipfwich,  apd  therer.  Mr.  7r!en.cb  o£  Salens- •  Mr.  cutjuer 
:and  I  w^re  each  fiunUhed  with  a  r^fle^ing  telefcope  niade  by 
JAMBS  MAiVN  of  London^  one  minifying  34,  an^  the  other 
45  times.  Mr.  prince  had  an  jt£hr<»matic  r^rg^^r  mfigni^>- 
iag  43«times.    The  times  of  obif  rvatiop  ajre  ^  )&|la>v : 


Beginning  of  r  Mr.  cutler, 
e^UpTeob-  <  Mr.  FitmcE, 
fcrvicd-by  ,  LMyfelf, 


^Tr      .'Jy   <  Mr.  PRINCE, 

obfervcd  by  \  ^^^^^^ 


By  the  clodc. 

1^-    /      // 
10  59    2 

10  59    !& 

10  59    8 

II     I  42  A.M; 
11     1  48 

I  38  37 

1  38  43 
I  3?  40 

Uu  U  2 

I  41  23  P.M. 
1*41  29 
J  4»  26 

Ihad 
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I  had  no  micrometer  to  meafure  the  lucid  part  of  the  fun.m 
its  leaft  ftate,  and  thereby  determine  the  error  of  ma.Tb^'s 
tables  in  latitude  at  the  middle  of  this  eclipfe.  But  according 
to  the  obfervations  of  Profeflbr  williams.  Dr.  winthrqp*s 
fucceflbr,  the  error  was  not  great.  He  and  fevcral  affiftants 
obferved  this  eclipfe  at  Long  ifland  in  Pendbfcot  Bay.  The 
latitude  of  the  place  of  obfervation  he  found  to  be  44°  1 7'  7''  N. 
He  obferved  the  beginning  of  the  eclipfe  at  1 1  h.  i  r^  8''  A.M. 
and  the  end  at  i  h.  50'  25'^  P.M.  appareht  time.  He  was  &r- 
niflied  with  an  excellent  dollond's  micrometer,  with  which 
he  meafured  the  fun^s  diameter  on  the  morning  of  the  eclipfe, 
and  the  lucid  parts  many  times  during  its  continuance.  By.hit 
obfervations,  compared  with  thofe  made' at  Beverly,  I  .find\the 
difference  of  meridians  between  Beverly  and  Long  ifland  to 
S'  4^'  in  time.  The  time  of  the  greateft  obfcuration  was  at 
12  h.  30'  22^',  when  the  lucid  part  of  the  fiin  was  8'^  on  die 
lower  limb.  The  fun's  femi-diameter  accor^ng  to  obfervation 
was  16'  8'',7  ;  the  moon's  horizontal  femi-diameter,  according 
to  the  tables,  16'  23''$ 8  ;  the  augmentation  of  her  ienai-dia- 
meter,  agreeably  to  her  altitude,  ^^^^  ;  the  fum  of  the  vifible 
femi- diameters  of  the  fun  and  moori  therefore  32'  42"^'.  The 
lucid  part  of  the  fun  8'^  being  fubtrafted  from  3a'  '7  ^4»  the 
fun's  diameter,  leaves  32'  9'^,4  for  the  eclipfed  part  of  Aefun, 
'which  fubtrafted  from  32'  42'Meaves  32^^,6  for  the. leaft; dis- 
tance of  the  centers  of  the  fun  and  moon. .  The  vifible  angk 
of  the  mdon  with  the.  fun  was,  I  find,  15*  54^^  54'',  and  her 
motion  from  the  fun  in  her  tifible  orbit  24^^,5  in  one  minute; 
the  vifible  ecliptic  conjunftipn  therefore  was  at- 12  h.  29'  57'', 
and  the  diftance  of  the  centers  of  the  fun  and  moon  34''.  The 
moon's  paralljix  in  latitude  from  the  fun  was  then  49'  I5,''8  S. 
which  added  to  34^'  gives  49'  49'^8  N.  equal  to  the  moon*s  lati- 
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tude  by  obfervatton.  By  mayer's  tables  her  latitude  was  then 
49'  y)"->^>  ^y  which  it  appears,  that  the  error  of  thefe  tables 
in  latitude,  at  the  middle  of  the  cclipfe,  by  the  Peiiobfcot  ob- 
lervation,  was  —  io"4.  The  error  in  longitude,  taking  the 
mean  between  that  of  the  beginnitig  and  end,  1  find  to  be 
—  y".  The  determination  of  thefe  errors  is  upon  the  fuppofi- 
tlon  that  Beverly  is  4h.  42'  59"  W.  of  Greenwich,  which,  I 
believe,  very  near  the  truth.  Beverly  appears  by  obfervatioa 
to  be  i'  18"  in  time  E.  of  Cambridge,  which  fubtraited  from 
4h.  44'  j/' leaves  4h.  42'  59". 

I  hope.  Sir,  no  umbrage  will  be  taken  at  my  writing  to  you, 
on  account  of  the  political  light  in  which  America  is  now 
viewed  by  Gceat  Britain.  I  think  political  difputes  ihouLd  not 
prevent  communications  in  matters  of  mere  fcience ;  nor  caa  I 
fee  how  any  one  can  be  injured  by  fuch  an  intercourfe. 

I  am,  &c. 
Beverly  in  MalTachufctts, 
February  16,  1781. 
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IT  is  at  preTeat  well  known,  that  by  the  evaporation  of  va- 
rious fluids  a  feniible  degree  of  cold  is  produced ;  and  tha): 
by  the  evaporation  of  ether,  which  is  the  nK)ft  volatile  fluid 
we  are  acquainted  with,  water  may  be  congealed,  and  the  ther<* 
;nometer  may  be  brought  feveral  degrees  below  the  freezing 
point.  But  fts  various  thermom«trical  experiments,  which  I 
lately  made,  have  exhibited  fpme  new  phenomena,  and  as  I 
have  contcived  an  eafy  and  pleafing  method  of  freezing  a  fmall 
quantity  of  water  in  a  ihort  time^  and  in  every  climate ;  I 
think  it  not  improper  to  give  an  account  of  theie  things  in  the 
6rft  part  of  this  le&ure. 

.  My  firfl  experimeats'were  intended  to  difcover,  if  poflible,  a 
fluid  cheaper  than  ether,  by  the  evaporation  of  which  a 
degree  q{  cold  fufllcient  for  fbme  ufeful  purpofe  might  be 
geoerated.  But  in  this  my  expe£btion  was  difappointed,  as 
1  £iimd  thfiit .  ether  was  incomparably  fuperior  to  any  pthej^ 

« 

fluid,  as  the  cold  it  produced  was  feveral  degrees  greater 
than  that  occafioned  by  any  other  of  the  moft  volatile  fluids 
whatei^er.  Bei^g,  therefore,  obliged  tjo  ufe  ether,  I  en- 
deavoured to  contrive  a  method,  by  which  the  leaft  poflitik 
qiiaatity  of  it  might  be  wafted  in  the  production  of  a  degree 
of  cold  fuflid^it  to  freeze  water,  and  in  this  I  met  with  fi|c- 
cefs.  But  before  we  come  to  the  defcription  of  this  method,  I 
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(hall  briefly  relate  feaie  obfervations  made  on  the  cold  produced 
by  the  evaporation  oi  other  fluids^  belide^  ether. 

In  a  room,  the  temperature  of  whkh  was  64®  according  ta* 
Fahrenheit's  thermometer,  and  in  which  the  atr  was^  gently 
ventilated,  1  oWerved  the  ef]l&£ts   produced  by  various  fluids 
when  thrown  upon  the  ball  of  a  thermometer.     The  ball  of 
this  thermometer  was  quite  detached  from  the  ivory  piece  upon< 
which  the  fcale  was  engraved.    The  various  fluids  were  thrown^ 
upon   the  thermometer  throti^k  the   capillary  aperture  of 'a 
fmall  glafs  vefTely  fhaped  like  a  funnel,  and  care  was  tak^i  to* 
throw  them  Ho  flowly  upon  the  bulb  of  the  riiermwneter,,  that 
a  drop  might  ftow  and  theix  faH  From  the  under  part  of  it ;  ex- 
cept when  thofe  fluids  were  ufed,  which  evaporate  very  flowly^ 
in  which  cafe  it  was  fufficient  to  keep  the  btii}  of  the  thevmo* 
meter  only  moift,  wi^oot  any  drop  falling  itom  A.     Dijrinfl^ 
the  expeshnent  the  thermometer  waj  kept  tuKfciftg  vepf  gently 
round  its  axis,  in  order  that  thefltuid  \ifed  might  fall  upon  every 
part  of  its  bu&.     This  method  f  find  tor  an(W«r  much  better 
than  that  of  dipping  the  ball  of  the  thettnoraeter  iilto  H)e  fluid* 
and  removing  itrmmediately  after,  or  th^ 6i^ wetting  tiie  ther- 
mometer v^Wi^  father.    The  ^vaporariAn^  ai^d  'cqnfKju^iUy 
the  cold  produced  by  it,,  may  be  increased  by  Wfftilafion.  vi%^ 
by  blowing  with  a  pair  of  bellows^  upon  the  thfirtnometer;  but 
this  was  not  ufed  in  the  folfowmg  experiments^  becavie  it  is 
not  eafily  performed  hy  one  perfcii,  and  ailb  betaAi&itoecafions^ 
very  uncertain  refults,. 

With  the  above  defcribed  method  I  begaft  to  examine  die 
iffefts  of  water^  andfbund,  tftat  tlie  thermometer  wa«-b»ughtr 
flown  to  ^6""^  vk.  9"  below  tht 'temperabute  bf '  tk^  iitx>m  ia 
which  the  expeTifioetit  was  made,,  ftxidof  the traler  trnployed^. 

Thi^ 
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This  ^Stdi  was  produced  in  about  two  minutes  time,  after 
which  a  lai^er  continuation  did  not  bring  the  mercury  lower. 

By  means  of  fpirit  of  wine  the  thermometer  was  brought 
down  to  4^°,  which  is  only  16°  below  the  temperature  of  the 
room,  ai>d  oi  the  fpirit  employed.  When  the  fpirit  of  wine 
is  highly  re£Kficd,  the  cold  produced  by  its  evaporation  is  cer- 
tainly greater  than  when  it  is  of  the  common  fort;  but  the  dif- 
ference is  not  fo  great  as  one,  who  never  tried  the  experiment, 
snight  exped.  The  purer  fpirit  produces  the  efied  much 
quicker. 

UfiBg  vaftotts  other  fluids,  wiiich  were  either  compounds  of 
water  and  fpiritous  fubftances,  or  pure  eflences>  I  found  that 
the  cold  pcoduced  by  their  evaporation  was  generally  in  fbme 
intermediate  degree  between  the  cold  produced  by  the  water  and 
that  produced  by  the  fpirit  of  wine. 

Spirit  of  turpentine  brought  the  thermometer  only  3**  lower 
than  the  temperature  of  the^room ;.  but  olive  oil  and  other  oils, 
which  evaporate  either  very  flowly  or  not  at  all,  did  not  fenfi* 
biy  afied  the  thflrmometer# 

Willing  to  obf^rve  haw  mtich  ^ledrization  could  increafe.the 
<ivapoiation  o£  fpirit  of  wiae,  vid  consequently  the  cold  pro- 
duced by  it,  I  put  the  tube  coiUaiaing  the  Ipirit  into  an  infu- 
lating  handle,  aud  comieded  it  with  the  conductor  of  an  elec- 
trical machine,  whkh  iw^  kept  in  adiofi  whilft  the  expejriment 
was  perforn^;  by  thefe  means  the  thermometer  was  brought 
down  to  47°,  Having  tried  the  three  mineral  acids  I  found, 
»hat  mifte&dof  oooling  they  heated  the  thermometer,  which  effe^3: 
I  ^xpefted ;  ficoe  tt  is  wdl  lyipwn,  that  thofe  acids  attract: 
cbe  water  from  .tho  atiaofphere,  and  that  heat  is  produced 
•by  the  combination  of  water  apd  any  of  .them.  The  vitri- 
olic, acid,  .which. was  very  Jftrwg  and  tranfpareut,  raifed  the 
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thermometer  to  102^;  tlie  fmoaking  nitrous  acid  raiied  kto 
72"";  and  the  marine  acid  railed  it  to  66"";  the  temperature 
of  the  room,  as  well  as  of  the  acids,  being  64'',  as  mentioDed 
above. 

The  apparatus  which  I  contrived  for  the  purpofe  of  ufing 
the  leaft  poffible  quantity  of  ether  in  freezing  water,  &c.  con- 
fifls  in  a  glafs  tube,  terminating  in  a  capillary  aperture,  which 
tube  is  to  be  fixed  upon  the  bottle  that  contains  the  ether. 
Fig.  I .  of  the  annexed  dra\^ng  exhibits  fuch  a  tube,,  round  die 
lower  part  of  which,  viz.  at  A  Ibme  thread  is  wound,  in  order 
to  let  it  fit  the  neck  of  the  bottle.  When  the  experiment  is  to 
be  made,  the  ftopper  of  the  bottle  containing  the  etiier  is  re-* 
moved,  and  the  above  'mentioned  tube  is  fixed  upon  it.  The 
thread  round  this  tube  fhould  be  moiflened  a  little  with  water  or 
ipittle  before  it  is  fixed  on  the  bottle,  in  order  to  prevent  more 
efFeAually  any  efcape  of  ither  between  the  neck  of  the  bottle 
and  the  tube.  Then  holding  the  bottle  by  its  bottom  FG  (fig; 
i(.)  and  keepuig  it  incKned  as  is  (hewn  in  the  figure,  the  fmall 
ftream  of  ether  ifTuing  out  of  the  aperture  D  ci  the  tube  D£, 
is  directed  upon  the  ball  of  the  therraemeter,  or  upon  a  tube 
containing  water  or  other  Hquor  that  is  r^equisedtabe  congeafed^ 

Ether  being  very  volatile,  and  having  the  remarkable  pro- 
perty of  ihcreafing  the  bulk  of  air,  does  not  require  any  aper* 
ture,  through  which  the  air  might  enter  the  bottle,  in  propor* 
tion  as  the  ether  goes  out :  the  heat  of  the  hand  is  more  than 
fufScient  to  force  the  ether  in  a  ftream  from  the  apertuie  D. 

After  this  manner,  throwing  the  flream  of  ether  upon  the 
ball  of  a  thermometer  in  fuch  quantity  as  ^at  a  dtop  of  ether 
might  now  and  then,  for  inftance  every  10  fecoods,  &11  from 
the  under  part  of  the  thermometer,  I  have  brought  the  mer* 
cury  down  to  3"",  viz.  29^  below  the  fieezing  point,  when  the 
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atmofi^iere  was  fomewhat  hottef  than  temperate,,  and  that 
without  blowing  upon  the  thermometer. 

\yhen  the  ether  is  very  good,  viz^  is  capable  of  difiTolviug 
elailic  gum,  and  the  thermometer  has  a  fmall  bulb,  not  above 
twenty  drops  of  ^ether  are  required  to  produce  this  effeft,  and; 
about  two  minutes  of  time  ;  but  when  the  ether  is  of  the 
common  fort,  a  ^greater  quantity  of  it,  and  a  longer  time,  is 
necelTary  to  be  employed,  though  at  laA  the  thermometer  is> 
brought  down  very  neady  as  low  by  this  as  by  the  beft  fort  of 
ether* 

In  order  to  freeze  water  by  the  evaporation  of  ether,  I  take 
a  thin  glaf?  tube  about  four  inches  long  and  about  one-Hfth  of 
an  inch  in  diameter,,  hern^etically  clofed  at  one  end,,  and  put  a. 
little  water  in  it„  ib.  as  to  fill  about  half  an  inch  length  of  it,. 
as  is  (hewn  at  CB  in  the  figure.  Into  this  tube  a  {lender  wire 
H  is  ahb  introduced,  the  lower  extremity  of  which  is  twifted' 
ia  a  fpiral  manner,  and  ferves  to  draw  up  die  ice,  when  formed. 
Things  being  thus  prepared,  I  hold  the  glafs  tube  by  it<s  upper 
part  A  with  the  fingers  of  the  left  hand,  and  keep  it  continually 
and  gently  turning  round  its  axis,^  firfl  one  way,,  and  then  the. 
contrary ;  whilil  with  the  right  hand  I  hold  the  phial  contain- 
ing  the  ether  in  fuch  a  mtanner  as  to  dire£):  the  flream  of  ether 
on  tbe  outiide  of  the  tube,  ^nd  a  little  above  the  furface  of  the 
water  in  it.  The  capillary  aperture  D  ihould  be  kept  almofl 
ill  contact  with  the  furface  of  the  tube  that  contains  the 
water.  Continuing  this  operation  for  two  er  three  minutes,, 
the  water  will  be  froze  as  it  were  in  an  ihflant ;  (ince  it  will 
appear  to  become  opaque  at  the  bottom  B,  and  the  opacity  wilt 
afcend  at.C  in  lefs  than  half  a  fecond  of  time,  which  exhibits 
a  beautiful  appearance*  Thi$  congelation,  howevei:,.  is  only 
fuperficial,  and  in  order  to  congeal  the  whole  quantity  of  wa- 
ter,. 
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tcr,  the  operation  tnuft  be  continued  one  or  two  imnutes 
longer ;  after  which  the  wire  H  will  be  found  to  be  kept  very 
tight  by  the  ice.  Now  the  bottle  wMth  the  ither  is  left  upon  a 
table  or  other  place,  and  to  the  outlide  of  thfe  glafe  tube  the 
liand  muft  be  applied  for  a  moment,  in  order  to  Ibften  the  fur- 
face  of  the  ice,  which  adheres  very  firmly  to  the  glafs,  and 
then  pulling  the  wire  H  out  of  the  tube,  a  folid  and  hard  piece 
of  ice  will  come  out^  fattened  to  its  fpiral  extremity, 

Inflead  of  the  wire  H  fometimes  I  p\it  a  fmall  thermo- 
meter into  this  tube  fo  as  to  have  its  bulb  immerfcd  in  the 
water.     With  this  thermometer  I  have  obferved  a  very  re- 
markable   phenomenon,    which  feems  to  be  not  explicable 
in  the  prefent  ftate  of  knowledge  concerning  heat  and  cold. 
This  is,  that  water  will  freeze  in  the  winter  with  a  lefs  de- 
gree of  cold  than  it  will  in  the  fummer,  or  when  the  wea- 
ther is  hotter :  for  inftance,  in  the  winter  the  water  in  the 
tube  AB  will  freeze  when  the  thermometer  is  about  30** ;  but 
in  the  fummer,  6r  even  when  the  temperature  of  the  atmo- 
fphere  is  about  60°,  the  quickfilver  in  the  thermomer  muft  be 
brought  ten  Or  fifteen,  or  even  more,  degrees  below  the  freezing 
point,  before  the  water  which  furrounds  the  faid  theraiometer 
will  be  converted  into  ice,  even  fuperficially ;  hence  it  appears, 
that  in  the  fummer  time  a  greater  quantity  of  -ether  and  longer 
time  is  required  to  freez  a  given  quahtfty  of  water  than  in  the 
winter,  not  'only  bccaxife  then  a  greater  ^degree  of  heat  is  to  be 
Overcome,  but  principally  becauie  in  the  fummct  a  much  greater 
degree  of  cold  tmift  be  aftually  produced  bfefbre  the  water  that 
fs  kept  in  it  wtll  afTume  a  folid  form.    "When  the  temperature 
of  the  atmofphere  has  been  about  40%  i  have  froze  a  quantity 
of  water  w4th  an  equal  weight  of  good  ether,  but  at  prefent, 
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being  fummer#.  betwoe;^  two  ai^d  three  times  the  quantity  of 
the  ilime  ether  muft  be  ufed  to  produce  the  farheefFeiS:. 

There  feems  to  be  fomething  in  the  air  whicK,  befides  heat, 
interferes  with  the  freezing  of  water,  and  perhaps  of  all  fluids, 
though  I  cannot  fay  from  experience  whether  the  above  men- 
tioned difierence  bet\yeen  the  freezing  of  water  in  winter  and 
fummer,  takes  place  with  other  fluids,  as  mil^  and  other 
animal  fluids,  oils,  wines,  &c. 

The  proportion  between  the  quantity  of  tjie  ether  apd  of  the 
water  that  may  be  frozen  by  it,  feems  to  vary  according  to  the 
quantity  of  watipr  j  for  a  larger  quantity  of  water  feem?  to 
require  a  proportionably  lefs  quantity  of  ether  than  a  fmallei: 
quantity  of  watef,  fuppofing  that  the  water  is  contained  in 
cylindrical  gfefs;  veflels ;  for  I  have  not  tried  whether  a  metal 
.veflicl  inftead^  pf  a  §|afs  oae,  and  whether  Tome  other  ftiape 
befides  the  cylindrical^  niight  not  facilitate  the  congelation..  In 
the  beginning  pf  the  fpring  I  fxpze  about  a  quarter  of  an  ounce 
©f  water  with  nearly  h?df  an  ounce  weight  of  ether,  the  appa- 
ratus being  larger,,  though  firoilar  to  that  defcribed  above. 

Now  as  the  jprice  pf  ether,  fufBeiently  good  for  the  purpofe, 
is  generally  between  eighteen. pence  and  two  fhillings^^r  Qunce, 
it  is  piainv  that  with  lefs  than  two  (hillings  a  quartefr  of  an 
«unce  of  ice,  or  ice  cjream,  m^  be  made  in  tv^ry  climate,  and 
4t  any  time,  which  may  afford  ^reat  latisfeftipn  to  thofeppr- 
ions,  who  liviiiig  'm  places  where  no  natural  ice  is  to  be  had^ 
nev^er  fwxn  t^fle^any  fuch  delicious  refrefliments. 

Whf:Q  a  fmall  piece  pf  ice«  for  inftance,  of  about  ten  grains 
10  ;wqghtv  :|$  wantpd^  the  fiecefiary  apparatus  is  very  fnlall, 
zf^  the  expenoe  of  the  ether  not  wortli  mentioning.  I  have 
a  fmaU  box,  wh;ic^  is  four  inches  and  a  half  long,  two  ipches 
J^oad,ia|idoo^ifu:h.aodahalf  deep,  which  contains  all  tbe  appa- 
ratus* 
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ratus  neceflary  for  this  purpbfe,  viz.  a  bottle  capable  of  con- 
taining about  one  ounce  of  ether^  two  pointed  tubes  (in  cafe 
that  oue  ihould  brqak)  a  tube  in  which  the  water  is  to  be 
frozen,  aud  the  wire.  With  the  quantity  of  ether  contained 
m  diis  imall  and  very  portable  apparatus,  the  experiment, 
nyhen  carefully  performed,  may  be  repeated  about  ten  times. 
A  perfon  who  wi(hes  to  perform  fuch  experiments  in  hot  cli- 
mates,, and  in  places  where  ice  Is  not  eafily  procured,  requires 
euly  a  large  bottle  of  ether,  befides  the  fmall  apparatus  de** 

f^ribed  above. 

'  •  •  '       ' '  i 

It  IS  a  known  fa£):,  that  the  moment  a  quantity  of  water 

^comes  ice,  a  tliermometer  kept  immerfed  in  it,  riies  a  few 
•degrees,  and  accordingly  this  is  obferved  in  our  experi- 
ment, viz.  the  mercury  of^  the  thertoometer,  which  is  im- 
merfed in  the  water  of  the  tube  AB,  will  fuddeniy  rife,  fome- 
times  as  much  as  ten  decrees,  when  the  water  becomes  firft 
opaque.  Eleftrization  increafes  very  little  the  degree  of  cold 
produced  by  the  evaporation  of  ether.  Haiong  thrown  the 
eleftriiied,  and  alfo  the  uneledtrified,  ft  ream  of  ether  upon  the 
bulb  of  a  thermometer,  the  merdury  in  it  was  brought  down 
two  degrees  lower  in  the  former  than  in  the  latter  cafe. 

As  various  perfoas  may,  perhaps,  be  induced  by  this  paper 
to  repeat  fuch  experiments,  and  as  'ether  iff ;a  fluid  which  call 
with  difficulty  be  preferved,  it  piay  be  ufefol  to  ixiention,  that 
a  cork  confines  ether  in  a  glafs  bottle  much  better  than  a 
|;lafs  ftopple,  which  it  is  alnjoft  '  inipoffible  to '  ^rind  ib  well 
as  intirely  to  prevent  the  evaporation  'of  ether.  When  a  ftop- 
pie,  made  very  nicely  out  of  a  unifornl  and  clofe  jnece  of  coik, 
which  goes  rather,  tight,  is  pyt'  upon  a  bottle^ of  ether,  the 
fmell  of  that  fluid  cannot  be  perceived  through  it ;  but  1  never 
faw  a  glafs  ftopple  that  could  prodtice  the  fime'iMKft.  By  open- 
ing 
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ing  the  bottle  vtry  often,  or  by  longkeepbg,  Uie  cork  becomes 
loofe,  in  which  cafe  it  muft  be  changed ;  and  thys  ether,  ipirit 
of  wine,  or  any  fluid,  excepting  thofe  which  corrode  cork, 
may  be  preferved. . 

I  fhall  now  defcribe  a  method  of  purifying  vitriolic  ether, 
which  is  very  eafy  and  expeditious,  though  not  very  profitable : 
this  method  I  learned  of  Mr.  winch,  Chemift,  in  the  Hay- 
market  Fill  about  a  quarter  of  a  flrong  bottle  with  cotnmoii 
ether,  and  upon  it  pour  about  twice  as  much  water,  then  flop 
the  bottle,  and  give  it  a  ihake,  fo  as  to  mix  for  a  time  the  ether 
with  the  water.  This  done,  keep  the  bottle  without  motion,  x 
and  with  the  rnouth  downwards,  till  the  ether  is  feparatcd  from 
the  water  and  fwims  over  it,  which  requires  not  above  three  or 
four  minutes  of  time ;  then  open  the  bottle,  and  keeping  itflill 
inverted,  let  the  greatefl  part  of  the  %vater  come  out  very 
gently ;  after  this  the  bottle  being  turned  with  the  mouth  up- 
wards, more  water  mufl  be  poured  in  it,  and  in  fhort  the 
fame  operation  muft  be  repeated  three  or  four  times.  JLafUy, 
ail  the  water  being  ieparated  from  the  ether  by  decanting  it 
with  dexterity^  the  ether  will  be  found  to  be  exceedingly  pure. 
By  this  means  I  have  purified  common  vitriolic  ether,  which 
could  not  afied  elaftic  gum,  and  have  reduced  it  into  fuch  a 
ftate  as  that  elaftic  gum  was  eafily  dt^lved  by  it.    Indeed  this 

»  '  « 

purified  ether  appeared  by  every  trial  to  be  purer  than  I  ever- 
faw  it,  even  when  made  after  the  beft  ufual  method,  and  in 
the  moft  careftil  manner  The  only  inconvenience  attending 
this  procefs  is,  that  a  vaft  quantity  of  ether  is  loft.  Not 
above  three  or  four  ounces  of  a  pound  of  common  ether 
remain  after  the  purification.  As  the  greateft  part  of  the  ether 
iscertsunly  mixed  with  the  water  that  is  iffed  in  the  procefs,  it 
may  perhaps  be  worth  while  to  put  that  water  into  a  retort,  a}id 
Vol.  LXXI.  Y  y  y  to 
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t»dift>l  th#^  ether  fiom  it*  wbich  muft  Gom«  iliii^imtljr  pui^ 
fof  common  ufe. 

It  is  comraofily  believed,  that  water  combined  with  the  pureft 
part  of  ether,  wlien  thofe  two  fluids  are  kept  together; 
whereas,  by  t4iQ  above  de^ribed  procefs,  the  contrary  is  efta- 
blilhed:  perhaps  when  ether  is  kept  ia  contaft  with 
water  for  a  long  time,  the  pureft  patt  of  it  may  appear  to 
be  loft,  becaufe  the  ether  may  b©  conjibii>ed  with,  and  may 
retain  fome  water  in  itfelf,  at  the  lame  time  that  the  water 
combines  with  and  retains  foiTie  ether,  whereas  the  cafe  may  be 
different  when  the  ether  is  quickly  waj(ked  in  water,  and  is  ira« 
mediately  after  Separated  from  it :  but  inrefpe^Jl  to  thifr  Fhave^ 
yet  not  made  any  experimei\ts,  fo  as  to  be  able  to  decide 
the  matter. 


iUv^r^  oc  i(«  mct^^M  Mi  fihttn,  xw^eA.  hf  i  givea.  d^nr 
Q#  k^t»  44teraii»<4.  m^  to  <!»nCHv«  ^e  loothod  hys  wladi. 
thi«  ptirpoTi;  m^  beof^^^od  Twnh  moift  Qfipt^t|e  aadlpncfr« 
Atfu  A^jf  vftfioiii^  QxpQriaeats  I  bit  u^flntlto  &)U»«ing-iw- 
t^Q^  wtiicb.  t<i.vm  feeifis  l»Qth  acMr  ami  oniMhloof  gxeat  aoc»i 
T9sy,  tliwghinthi?.Ii«p3i?.liei<iifi«i>sed,  . 

Fitft,;  hftKt»|>  blawfe  8.  Ijall  tQ  a  cipiUsirj^  lobe*  fiich.  aa  aift. 

c<>m!D<M»)y  ufed  ^r  t))6sii%QS{iiQt#|!s,  1  weighed:  i«,  andjfowA^bctf- 

thK4@»pty  ti^ini^ail^tfr  wasi  oqiHil  to  79^25  giunA»   Tkj^ 

emp^y,  gU6i  pr^mtis.  iQ.it«  beioQ  ^soeigM  wis  leodeotd^bper-* 

<  :  ...  .  feafly 
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fe^y  ctean  as  pofiible,  which  is  i  neceiTaiy  ptrcaUtiOil  In  thi^ 
^xperknent,  which  depends  Upon  a  very  great  accuracy  of 
weight.  Then  I  introduced  fbme  mercury  into  the  item  of 
this  thermometer,  taking  care  that  hone  of  it  efaterid  the  ball, 
ftnd,  by  adapting  a  fcalc  of  inches  to  the  tube,  ofaferved  that 
4,3  inches  length  of  the  tube  was  filled  With  the  mercury.*  Thd 
thermometer  was  now  weighed  again,  and  from  this  weight, 
the  weight  of  the  glafs  found  before  being  fubtrafted,  the  re- 
maiiKler,  vi%.  0,24.  gr.  fhewcd  the  wfeight  of  fo  much  quick- 
filver  as  filled  4,3  inches  of  the  tube.  Now  the  ball  of  thd 
thermometer,  and  alfo  p^rt  of  the  tube,  were  intirely  filled 
tvith  quickfilver :  then,  in  order  to  find  Out  the  weight  of  the 
mercury  Contained  in  it,  the  thermometer  was  weighed  for  the 
laft  time,  and  from  this  weight  the  weight  of  the  glafs  being 
rul)tra£ted,  the  remainder,  viz.  3205  grs.  (hewed  the  weight 
of  the  whole  quantity  of  quickfilver  contained  in  the  thcr* 
mometer. 

By  comparifon  with  a  graduated  thermometer  in  hot  and  cold 
water,  I  made  a  fcale  to  the  new  thermometer  according  tv 
FAHR£NHEiT*s,  and  by  applying  a  fcale  of  inches  found,  that 
tl^  length  of  20""  in  this  fcale  was  equal  to  1,33  inchw  But 
0,24  gr.  was  the  weight  of  fo  much  mercury  as  filled  4,3 
inches  length  of  the  tube ;  therefore,  by  the  rule  of  propor^ 
tion  it  will  be  found,  that  the  weight  of  fo  much  quickfilver  as 
fills  1,33  inch  of  the  tube,  viz.  the  length  of  20""' is  equal  tQ^ 
0,0742  gr.  nearly,-  and  that  the  weight  of  fomuch  quickfidyer 
as  fills  the  length  of  the  tube  that  is  equivalent  to  ooe  degfc^n 
is  equal  to  0^0037 1  gr.  Now  it  is  clear^  that  theweight  of  th(| 
whole  quantity  of  quickfilver  contained  in  the  tbermometef  ij| 
to  the  weight  of  fo  much  quickfilver  as  fills  the  length- ^f;  ^^W^ 
degree  in  the  tube,  as  the  bulk  of  the  whole  quantity  of  quick- 

Y  y  y  2  iilvgc 
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filver  in  a  given  degree  of  beat,  to  the  increaie  of  bulk,  that 
the  fame  whole  quantity  of  quickiilver  acquires  when  beated 
of  but  I*" ;  .viz.  32,05  grs,  is  to  0,00371  gr.  as  i  is  to  0,001 1  +  ; 
lb  that  by  this  experiment  it  appears,  that  x""  of  fahrbkhsit^s 
thermometer  increafes  the  bulk  of  mercury  not  above  T^-g^^^yT^ths 
parts.  In  this  procefs  a  fmall  deviation  from  mathematical 
exaftnefs  is  occafioned  by  the  fmall  difference  of  weight  be- 
tween the  quickfilver  of  the  tube  when  firft  weighed  and  when 
it  is  afterwards  heated  to  i*" ;.  but  by  an  eafy  calculation  it  will 
be  found,  that  this  difference  is  fo  exceedingly  fmall  as  not  to  be 
perceived  by  our  exafbeft  weighing  and  meafuring  inftruments. 

For  clearnefs  fake  I  (hall  fubjoin  the  calculation  of  the  above 
related  experiments,  difencumbered  from  words.  Here  the 
decimals  are  not  computed  to  a  very  large  number,  that  being 
unneceffary  for  this  purpofe. 

Weight  of  the  glafs,  •         ..        -         -  79,25  grs. 

Weight  of  fo  much  quickfilver  as  filled  4,3  inches 

length  of  the  tube,  -  -  -  0,24  grs. 

Weight  of  the  whole  quantity  of  quickfilver  con- 
tained in  the  thermometer,  •»  -  32»o5  grs. 
Length  of  the  tube  equal  to  20^,          -           -  1,33  inclu 
4,3  :  0,24  ::  1,33  :  0,0742  =  20^ 
20'  :  0,0742  ::  i  :  0,00371 

32,05  :  0,00371  ::  i  :  o,oooii  +  =  to  the   expanfion 
6Cca(H)ned  by  one  degree  of  heat. 

Having  repeated  this  experiment  with  other  thermometers, 
and  by  fimilar  calculations,  each  procefs  gave  a  refult  little  dif- 
ferent from  the  others,  which  irregularity  is  certainly  owing 
to  the  imperfe^ion  of  my  fcales,  which  are  not  of  the  niceft 
ibrt :  but  taking  a  mean  of  various  experiments  it  appears, 

that 
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that  i"*  of  heat,  according  to  Fahrenheit's  thermometer, 
increafes  the  bulk  of  a  quantity  of  quickfilver  of  .^vAvt ''^ 
parts,  viz.  if  the  bulk  of  a  quantity  of  quickfilver  in  the 
temperature  of  50^  is  equ.il  to  f  00,000  cubic  inches,  the  bulk 
.  of  the  fame  quantity  of  quickfilver  in  the  temperature  of  5 1  "^ 
will  be  equal  to  100,009  cubic  inches. 

It  is  almoft  fuperfluous  to  mention,  that  the  cavity  pf  the 
tubes  employed  for  thefe  experiments,  muft  be  perfectly  luii- 
form  throughout.  The  fcales  to  be  ufed  for  this  method 
fhould  be  fo  exaft  as  to  be  turned  by  the  hundredth  part  of  a 
grain  when  charged  with  about  half  an  ounce  weight. 

From  thefe  obfervations  the  method  of  graduating,  or  of 
determining  the  l^igth  of  a  degree  in  a  new  thermometer,  is 
eaiily  deduced,  the  only  requifites  for  the  calculation  being  the 
weight  of  a  quantity  of  quickfilver,  which  fills  a  known 
length  of  the  tube,  and  the  weight  of  the  whole  quantity  of 
quickfilver  contained  in  the  thermometer  when  filled.  Sup- 
pofe,  for  inftance,  that  in  making  a  new  thermometer  it 
be  found,  that  the  weight  of  fo  much  quickfilver  as  fills  five 
inches  length  of  the  tube  is  equal  to  ten  grains,  and  tiiat  the 
weight  of  the  whole  quantity  of  quickfilver  contained  in  the 
thermometer  weighs  300  grains.  It  is  plain,,  that  if  the 
whole  quantity  of  quickfilver  weighs  300  grs.  ,^^.^^^^^^  parts 
of  k  muft  weigh  0,027  gr.  But  the  weight  of  fo  much  mer- 
cury as  fills  five  inches  of  the  tube  is  equal  to  10  grains ; 
therefore^  o^oiy  gr.  weight  of  quickfilver  muft  fill  0,0133. 
inch  of  the  tube,  and  this  is  equal  to  the  length  of  r°,  or  the 
double,  treble,  &e.  of  it  is  equal  to  two,  three,  &c.  degrees. 

By  this  means  the  fcale  may  be  madfe  ?  that  is,  it  may  be 
divided  into  degrees,  but  the  numbers  cannot  be  added  to  them, 
without  finding  which  of  thofe  degrees  correfponds  with  the 

5  freezing 
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fi^ezing  poiBt  or  boiling  point.  Either  the  point  of  bpiling 
or  freezing  jniiy^te  fi>uod%  experiment,  or  any  other  point 
may  be  afcertained  by  compari£}a  with  another  thermometer, 
and  theo  the  other  degrees  are  ftominated  accordingly. 


m.  Defiripthn  of  a  ibermometrical  barometef. 

THE  determination  of  the  various  degrees  of  heat  fhewn 
by  lioiling  water  under  difFereiit  prefl'ures  of  the  atraofphere, 
has  been  attempted  by  various  perfons,  but  it  was  lately  com- 
pleted by  the  accurate  and  numerous  experiments  of  Sir  george 
SHOCKBURGH,  member  of  this  Society.     His  valuable  paper  is 
itiferted  in  the  LXlXth  vol.  of  the  PhiL  Tranf.     Upon  couli- 
dering  this  paper,  I  thought  it  pofTible  to  conftruit  a  thcrnio- 
meter  with  proper  apparatus,  which,  by  means  of  boilkig  wa- 
bus  gravity  of  the  atmofphere,  viz. 
;ter.    This  thermometer,  together 
.might,  I  thought,  be  packed  ioto  a 
X,  aad  1  even  flattered  myfelf,  that 
e  hfights  of  mountains,  &c.  might 
perhaps  be  determined  with  greater  facihty  than  with  the  com- 
mon portable  barometer.     My  expeftations  are  far  from  having 
been  difappoiiited,  and  although  the  inflrument  which  I  have 
hitherto   conftruded   has   various   defeats,  I    have,    however, 
thought  of  fome  expedients  which  will  undoubtedly  render  it 
much  more  perfect;    I  (hall  then  prefent  to  this  Society  a 
more  particular  account  of  it,  and  alfo  of  the  experiments, 
which  I  intend  to  make  with  it.    The  inftrument  in  its  prelent 
fiate  conlifts  of  a  cylindrical  tin  vefiel,  al^t  two  itKrhes  v\ 
diameter  and  five  laches  high,  uv  which  ,ve&l  the  waiei  is 

con- 
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contained,  which  may  be  made  to  boil  by  the  flame  of  a  large 
wax  candle.  The  thermometer  is  fattened  to  the  tin  veflel 
in  fuch  a  manner  as  that  its  bulb  may  be  about  one  inch  above 
the  bottom.  The  fcale  of  this  thermometer,  which  is  of 
brafs,  exhibits  on  one  fide  of  the  glafs  tube  a  few  degrees  of 
Fahrenheit's  fcale,  vi%.  from  200®  to  2i6\  On  the  other 
fide  of  the  tube  are  marked  the  various  barometrical  heights, 
at  which  the  boiling  water  (hews  thofe  particular  degrees  of  heat 
which  are  fet  down  in  Sir  G.  shuckburgh^s  table.  With  this  in- 
ftrument  the  barometrical  height  is  fhewn  within  one-tenth  of 
an  inch.  The  degrees  of  this  thermometer  are  fomewhat  longer 
than  one-ninth  of  an  inch,  and  confequently  may  be  fub- 
divided  into  many  parts,  eipecially  if  a  nonius  is  ufed.  But 
the  greateft  imperfection  of  this  inftrument  arifes  from  the. 
fmnllnefs  of  the  tin  veilel,  which  does  not  admit  a  iufficient 
quantity  of  water :  and  I  find,  that  when  a  thermometer  is 
kept  in  a  fmall  quantity  of  belling  water,  the  quickfilver 
in  its  ftem  does  not  ftand  very  fteady,  fometimes  rifing  or 
falling  even  half  a  degree  ;  but  when  the  quantity  of  water  is 
fufficiently  large,  for  inftance  is  ten  or  twelve  ounces,  and  is 
kept  boiling  in  a  proper  veilel,  its  diegreeof  heat  under  the  fame 
prcfiure  of  the  atmofphere  is  very  fettled. 
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TO     T  H  B 


SEVENTY-FIIl&T     VOLUME 


OF     THE 

PHILOSOPHICAL    TRANSACTIONa 

A. 

ACETOUS  acid.    SeeJESmm. 
"^    AeiJ$.    i%  is  JiBfdcr  10  find  tke  poiat  of  fttnncioa  witk  die-TCgettble^tliMn  tlM 


sntneral  acidi,  and  why,  p.  33. 
Jdair^  James,  fifq.  amazing  cfieds  of  lightning,  on^  p.  42^ 
AdanfiM.  Mr*    See  SmtaibmoM. 
44tHtd.EqwUiMu    See  SfoMitfe,  WmUs. 

Mr.    tTl^  abiblttte  w«ight  of  oumy  ibrti  of,  accorately  detemnied  by  Mr.  Fontaoa, 
.  fp.  9*    Pf  it«  fpoGiic  graffiiyJtt  Iti.fitBndiaie,  p.  55.    Se«  Khrvkm. 
JUmrvmAn.    DrawaJii*  aigiincott»  in  sdadon  totlitTaflfeyy^from  the  fame  foorot 

MM  Beloo,  p*  73* 
Algebra  and  Geometry.    Really  but  one  fcience,  difierently  treated;  p.  4S7. 
4ikaU^  ixcd  Tegeubk.   -See  Kirwm. 
Amasio^f  rifer*    Ita  modinn  xato  of  notion  oeuly  «qoal  to  that- of  ibo  Oangetf  p*  93^ 

The  tide  perceptible ifaere. 600  mikt,  p.  109. 
At^U$.    Taken  at  fea  by  Hadley'tqaadraot,  P/596W    See.^fttaiia/. 
AmmaU  frpekcit^  CM.    See  Ctanafwd. 

Antfbfes.atid  GbaxHsy  nboottwenty  different  kinds  of,  to  be  found  in  Africa,  ^p.  u 
4firotu9tgf*    No  fcience  hns  advaiiced  fo  near  peiAAion,  in  fo  Ihort  n  time,  finee  the 

invention  of  tbe  telefcope,  p.  irj.   • 
AtbcnmuSf  his  account  of  the  Mdlcagrides,  wbkh  Belon  flilflook  for  the  Turkey,  p.  73. 

Atwoc^ 
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JfVLmJf  George,  M.  A.  his  general  theory  for  the  menfuration  of  the  angle  fabtcadcdi 
by  two  objedlsy  &c.  p.  399.     Tables  for  taking  the  diametets  of  the  fua  and  planeu, 

P-+3*  435-    .  ^  - 

yftwr,  river.    Suppofed  to  be  the  fame  with  the  Sanpoo,  p.  1 1 1.    But  is  not,  p.  iiu 

jiurera  borealis.     See  CavaUo* 

Awrum fulmitMHt.     See  Thompfin* 


Battle  pmyder^  double  proof,  is  better  than  ^vernment  powder,  p.  304..    Why  ft 

called,  ibid. 
Barker^  Thomas,   £fq.  his  reglfler  of  the  b^rometery\  thermbine&r^  atfd  raio,  at 

Lyndon,  in  Rutland,  1780,  p.  351. 
Baihsm    See  CranvfirJ* 

BeUonius*    The  firft  who  defcribed  and  gave  a  figure  of  the  Ophidiam,  p.  436. 
Behm*    Is  the  earlieil  writer  who  is  of  opinion  that  Turkies  were  natives  of  thf  old 

worldi  p*  77*  ^ 

Seagal.    Difference  between  the  inundations  there  and  thofe  of  the  Nile,  p.  104.    See 

Rivers  f  Monfoons,  ^ 

Bergman f  Mr.    Set  C/jeinical  afiuties* 
Befchan^  an  Indian  deity.    The  fame  with  Viftnou,  p.  89. 
Bird-lime.    A  fort  Arong  enough  to  catch  peacocks  and  the  largeft  birds,  how  macle, 

Birihsf  deficient,  p.  362.    . 

■    '    .      monfirous,  36a,  363. 

Slagden,  Dr.  Charles.  On  the  heat  of  the  water  in  the  Gulf'-ftream,  p.  334.  Defcrip* 
tion  and  caufeof  that  Aream,  ibid.  lu  water  at  leaft  fix  degrees  hotter  than  the  fe« 
into  which  it  runs,  p.  337.    Great  advantages  may  be  derived  from  the  Utermometer 

.  in  crofiifig  that  ftream,  p.  342.  Method  of .  determining  its  velocity,  p.  343. 
Advantage  of  determining  with  ceruinty  the  time  when  a  (hip  enters  that  ibeamt 

P-  34*«  . 

BlaaJf  Dr.  Robert,  his  midwifery  reports  of  the .  Weftntinftcr  General  Difpenfaiy,  ^. 

3 {J.    His  method  of  keeping  the  Tegifter  of  midwifiery'  patients  there,  p.  3 $6. 

Table  of  difiicnlt  and  fatal  labours,  and  nafeocal  ones,  p.  3  $8.  et  feq«    See  Fmrperai 

fever*    Table  of  .the  proportio9  of  male  end  female  chiUren,  kc.  p.  361.    Table 

of  the  ages  at  which  women  begin  and  ceafe  to  be  capable  of  bearing  children,  p. 

36^*    Tables  of  the  namber  of  childreh  borne  by  1389  women,  &c.  p.  366*    Wo- 

«ien  of  the  poorer  dafifes  are  exceedingly  fertile,  bat  cannot  rear  many  children, 

and  why,  p.  367.    Table  of  the  chance  of  life  from  infancy  to  twenty-fix  years  of 

«get  p.  369.    Coi^paiative  table  of  the  population,  &c.  p.  370.    See  H^tak. 
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S^i^  that  word  explained,  p«  1 1  j.    Frevaili  in  the  principal  branchei  of  the  Gar.gef, 

ibid. 
Bcws.    An  cladic  one  of  light  wood  will  throw  a  light  arrow  with  greater  velocity 

than  a  (leel  one  of  the  fame  (lifTntfs,  p.  315, 
Brs/i  ordnance.    Eafy  and  ffic£tual  remedy  lot  the  running  of  their  vents,  p.  264. 
Btereion^  Owen  Salifbory,  Efq,  his  account  of  a  ilorm  cf  lightning  at  Ball- bourne,  in 

SuiTex,  p.  42. 
Briftol  Channel^  the  expediency  of  correA  maps  of,  p.  248. 
Brouffbtitu  Dr.  P.  M.  Auguilus,  his  account  of  the  Ophidium  barbatum  Linnei,  p. 

436*    That  fiih  not  unknown  to  the  ancients,  ibid.     Has  only  two  cirri,  but  being 

divided  they  appear  as  four,  p.  437.    The  different  fpeciea  of,  dilHnguiihed,  p. 

438.    Defcription  of  that  fpecies  here  treated  of,  p.  439.    Method  of  meafuring; 

employed  to  determine  the  fpecies,   p.  441.     Utility  of   that  method,    p.  444. 

Method  of  taking  the  pofition  of  the   fins,  ibid.     The  fcales  defcribed,  p.  445. 

Anatomy  of  the  Ophidium,  ibid.    The  male  not  to  be  diAinguifhed  from  the  female* 

p.  447.    Its  (ize,  and  where  to  be  found,  ibid.     See  Bcllon'us^  Rondeletius^  KUiniuu 
Bujfon^  Connt  de,  hit  method  of  diverting  the  currents  of  rivers,  when  bridges  or 

other  buildings  are  endangered  thereby,  p.  97.     To  what  he  imputes  the  incrcafed 

velocity  of  the  current  of  the  Ganges  near  the  fea,  p.  109. 
Bullets*    See  Thcmtfru. 
Burramppoier.    See  KeMMfU.    Etymology  of  that  name,   p*  87.     Is  larger  than  the 

Ganges,  p.  88.  xit«     Source  of,  p.  no.     Its  courfe  defcribed,  ibid.    Bears  a  near 

reiemblance  to  the  Ganges,  except  in  one  particular,  p.  112.     See  Mcgna^  Sanpo^. 

Was  unknown  b  Europe  as  a  capital  river  till  176^,  p.  1 1  x.     Is  the  fame  with  tlie 

<SanpoO|  p.  112. 

C. 

Camhrii^if  in  New  England.    See  fViUard. 

Catf  about  nine  different  fpecies  of,  in  Africa,  p.  i.  The  bed  method  of  dividing 
that  genua  of  animals,  p*  2.    See  Antelopes. 

CanfoUo^  Mr.  Tiberius,  his  account  of  a  luminous  appearance  in  the  heavens,  p«  329. 
Reafons  for  its  not  being  an  aurora  borealis,  p.  330. 

■  ■  His  account  of  fome  thermometrical  experiments.  &c.  p.  $09.  By 

the  evaporation  of  ether  water  may  be  congealed,  and  the  thermometer  brought 
bek>wthe  freezingpoint,  p*5ii.  The  cold  produced  by  it  feveral  degrees  greater 
than  that  produced  by  any  other  of  the  moft  volatile  fluids,  ibid.  Obfervations  on 
the  cold  produced  by  other  fluids,  with  the  method  of  applying  them  to  the  ball  of 
the  thermometer,  p.  512.  Experiment  on  water,  ibid.  Experiments  on  fpirit  of 
wine,  fpirit  of  turpentine,  and  various  other  fluids,  p*  513*  Experiment  to  deter- 
mine how  much  eledrization  could  increafe  the  evaporation  of  fpirit  of  wine,  and 
confequently  the  cold  produced  by  it,  ibid.    Apparatus  contrived  for  ufing  the  leaft 

pofiblt 
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pofiible  quantity  of  etKer  ia  freezing  water,  Sec,  p.  514.    Method  hj  which  the 
mercury  in  the  thermometer  was  brought  down  to  29  degrees  below  the  freezing 
point,  ibid.    Method  of  freezing  water  by  the  eraporation  of  ether,  p*  915-    A 
greater  quantity  of  ether  and  longer  time  are  reqaired  to  freeze  water  in  winter  than 
infummer,  p.  516.    The  proportion  between  the  quantity  of  the  ether  and  of  the 
water  that  msy  be  frozen  by  it,  feems  to  vary  according  to  the  quantity  of  water,  p. 
517.     A  fmall  apparatus  for  making  ice  in  hot  climates,  p.   518.     Eledrizarioa 
increafes^very  little  the  degree  of  cold  produced  by  the  evaporation  of  ether,  p.  ^1$, 
Cork  preferable  to  glafs  ftopples  for  confining  ether,  ibid.     Mr.  Winch%  eafy  and 
expeditious  method  of  purifying  vitriolic  ether,  p.  519.    Inconvenience  attending 
that  procefs,  ibid.    The  common  opinion,  that  water  combines  with  the  pureft  part 
of  ether,  when  thofe  two  fluids  are  kept  together,  refuted,  p.  510.    Experiments 
relating  to  the  expanfion  of  mercury,  ibid.    Method  of  inveftigating  the  expanfion 
of  quickfilver,  or  its  increafe  of  bulk  when  ratified  by  a  difierent  degree  of  heat, 
ibid.     Apparatos  for  that  operation,  ibid.     Method  of  making  the  fcale  for  it, 
p.  521.     Calculation  of  the  above  experiments  in  decimals,  p.  522.    The  cavity 
of  the  tubes  employed  in  thefe  experiments  mud  be  perfe^ly  uniform  throoghout, 
p.  523.     How  to  determine  the  boiling  or  freezing  point  on  the  ^cale,  p.  $24. 
Defcription  of  a  thermometiical  barometer,  ibid.    The  decermtntftion  of  the  various 
degrees  of  heat  Ihewn  by  boiling  water  under  different  prefliires  of  the  atmofphcre 
completed  by  Sir  George  Sbuckburgh,  ibid.    Probability  of  conftni&ing  a  thermo- 
meter, with  proper  apparatos,  which,  by  meana  of  boiling  water,  might  indicatt 
the  various  gravity  of  the  atmofphere,  ibid. 

CbiMrem.     See  B/andf  Wright. 

Chudmb  rrver.  The  only  fubordinate  branch  of  the  Ganges  which  is  at  all  times 
navigable,  p.  92. 

Chymical  affikitiis.  The  do6lrine  of,  hath  beeh  lately  much  improved  by  Mr,  Beigmaa 
of  Upfal,   and  Mr.  VVentzel,  p.  ,7. 

Cocehiu  Lacca*     See  Kerr- 

Cold.     Sec  Htrfcb$U  J 

Cofa^  a  river  equal  to  the  Rhine.    Variadoa  from  its  former  courfe,  p.  97, 

Ciifftmbuscar  river.     See  Hoogfy, 

Cows  head,     A  remarkable  rock,  p.  89, 

Crvwftrd^  Dr.  Adair,  his  experiments  on  the  power  that  animals,  when  placed  in 
certain  circumflances,  have  of  producing  cold»  p»  479.  See  Fire  That  animals 
have,  in  certain  circumRances,  a  power  of  keeping  themfelves  at  a  lower  tempera- 
cure  than  the  furrounding  medium,  was  a  difcovery  refenred  for  the  indofiry  of  the 
prefent  age,  p.  483,  Which  was  compleated  by  the  experiments  of  Or.  Fordyce  in 
heated  rooms,  ibid.  Various  opinions  concerning  the  caufes  of  the  h&%  eftablifhed 
by  thofe  experiments,  p.  484.  Account  of  thofe  experiments,  ibid,  ExpcrimeoU 
made  on  frogs,  to  difcovcr  with  greater  certainty  the  caufea  of  the  refrigeration  in 

£  the 
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the  above  expminents»  ibid.  Experiment  on  a  dog  in  water  above  ^  ftandard 
of  its  Batnralheit»  p.  487.  By  which  a  remarkable  change  was  prodaced  in  the 
appearance  of  the  venous  blood  of  the  animal,  p.  487.  Experiment  on  another  in 
hot  air^  ibid.  Opinion  of  Mr.  Wilfon,  of  Giafgow,  concerning  the  tfft€t  produced 
by  external  heat  upon  the  colour  of  the  venous  blood,  p.  488.  The  true  caufesjof 
the  cold  produced  by  animals  in  a.  medium  above  their  natural  heat  explained,  ibid. 
Experiment  on  a  dog  immerfed  in  water  much  under  its  natural  heat,  p«  490.  Why 
animals  preferve  an  equal  temperature,  notwithftanding  the  great  variations  in  the 
heat  of  the  atmofphere,  explained,  p*  491*  The  effects  of  the  cold  and  warm  baths 
accounted  for,  ibid. 
Cutkr^  Mr.    See  mikrd. 

D.  • 

Deatb-nnauhiSm    Suppofed  to  have  wings  in  their  perfeA  flate,  p«  144* 

Diita.    See  Ganges. 

tyipfing'futiUM     See  Meteorological  JwrnaU 

Doh/oH^  Dr.  Matthew,  his  account  of  the  Harmattan,  a  fingular  African  wind,  p. '46. 
Defeription  and  fituation  of  the  coaft  where  that  .wind  prevails,  ibid.  Blows  from 
the  N.B.  p.  47.  Always  accompanied  by  a  fog  or  haze,  ibid.  Which  does  not 
extend  above  four  or  five  leagues  over  the  lea,  though  the  Harmattan  is  plainly  felt 
ten  or  twelve,  p.  48.  Extreme  drynefs,  which  greatly  tnjuies  all  the  productions  of 
tbeeanh,  is  another  confequence  of  thu  wind,  ibid.  Surprizing  tStGtt  of  that  di-y^ 
nefson  books,  furniture,  floors,  fliips,  &c.  ibid.  And  on  the  human  body,  ibid. 
Experiments  made  thereon  with  fait  of  tartar,  p.  50.  Table  of  thermometrical 
obfervations  on,  p.  ji.  Derivation  of  its  name,  p.  52.  Its  falubrious  elTeds  on  the 
human  fpecles,  p.  $3.  Contributes  much  to  the  care  of  ulcers  and  cutaneous 
eruptioTns,  p.  $4.  Nature  of  the  foil  where  it  prevails,  p.  jj;.  Probable  fource  of 
that  wind,  ibid.    See  Nirrius* 

E. 

Earthquakes.     See  Peunantf  Uoyi. 

inghfieldy  Sir  Henry  C.  Bart,  his  account  of  the  appearance  of  the  foil  at  opening  a 

well  at  Hanby,  in  Lincolnfhire,  p.  345. 
Efrowvettes.     See  Themp/on. 
Etber.    Is  the  mod  Volatile  fluid  we  are  acquainted  with*  ^^  S^'i*    See  CavalU. 

V 

F. 

fantoosf  a  nation  on  the  Gold  Coafl  of  Guinea.    Their  manner  of  dividing  the  yeais 

p.  56. 
fixed  Stars.    See  Pig§tt*    Irregularities  occafioned  by  their  aberration,  p.  1 16. 

Vol,  LXXK  4  A  Fire. 
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|/f».  Tke  e^iiiioiis  of  fhf  t««ictiU  concerning  tli«  tAiure  mk!  piUfM^tt  of  fitf  iibir4Mll/ 
bold  coojeaures,  p.  479.  The  ptofoimd  vtnertcxon  with  which  th*y  cMttttplMMi 
that  elemeot  accounted  for,  p.  480.    Opiniooj  of  tht  akhymiAt  in  the  dark  ages 

'  concerning  it,  ibid.  On  the  revival  of  literature  the  nature  of  it  began  veiy  febn 
to  engage  the  attention  of  philoibphers,  p.  4^1.  rafficultles  attending  n  pkib- 
phical  invcftigatlon  of  it,  ibid.  The  firft  ftcp  that  wai  taken  tovrards  the  cnltivatioa 
of  this  branch  of  fcience,  ibid. 

Fifi.  Vaft  quantities  thrown  on  Ihorc  during  a  irery  dry  feafoa  at  the  ifland  of  Safliatra, 
p.  384.    Conjefture  of  the  caufe  of  that  phenomenon,  p«  38  j. 

Fiies.    Their  ufefulnefs  in  dcftroying  putrefcent  matter,  p.  146. 

FUodi  of  the  tropical  rivers.  Probably,  next  to  earthquake!,  caofe  the  qnickeft  altera* 
tions  in  the  face  of  our  globe,  p.  100. 

Fomtana,  Mr.     See  Air. 

ForJjce,     Sec  CravoforJ, 

Forfier,  Dr.  John  Rcinhold,  his  natural  hiftory,  &c.  of  the  Tyger-cat  of  the  Cape 
of  Good  Hope,  p.  i.  Similitude  between  that  animal  and  the  Nfufii,  p.  3.  And 
our  domellic  cata,  p.  4.    Defcription  of,  ibid.    Dimenfions  of,  p.  6.    See  FewMM. 

G. 

Ganges.  See  RtuntU.  Etymology  of  that  name,  p.  87*  Faboloas  account  of  the 
origin  of,  p.  89.  Its  conrfe  defcribed,  in  which  it  receives  rivers,  fome  equal  to  the 
Rhine,  and  none  fmailer  than  the  Thames,,  ibid,  Exceeds  the  Nile  in  magoitndc, 
though  not  in  length,  p.  90.  Difierent  widths  and  depths  of,  p.  91,  Thooghin 
fome  places  fordable,  the  navigation  is  neirer  interrupted,  but  the  piincipal  branch 
cannot  be  entered  by  large  veflels,  ibid«  Commencement  of  the  bead  of  the 
Delta,  which  is  more  than  twice  as  large  as  that  of  the  Nile,  ibid*  The  part  of  the 
Delta  bordering  on  the  fea  defcribed,  p*  91.  Width  of  the  Ganges  at  its  jandkn 
with  the  fea,  p.  93.  Medium  rate  of  motion  of  tl^t  river,  ibid.  Its  greater  or 
lefs  velocity,  to  what  to  be  attributed,  p.  94.  The  gradual  change  in  the  courfe  of 
that  river  accounted  for,  p.  95.  And  the  flacknefs  of  the  tide,  ibid.  Decreafe  in 
the  breadth  of  that  river  in  nine  years,  p.  96.  Various  alterations  in  the  appearance 
of,  99.  Prefumptive  proof  of  its  wandering  from  one  fide  of  the  Delta  to  the 
other,  p.  102.  Its  annual  fwelling  and  overflowing  explained,  p.  103.  Still  ftews' 
itfelf  by  the  grafs,  &c.  on  its  banks  and  its  rapid  muddy  ftream,  even  when  the 
inundation  becomes  general,  p.  104.  Particular  trafts  of  land,  which  require  lefs 
moifture,  are  defended  from  the  Inundation  by  dykes,  which  do  not  always  focceed, 
and  why,  p.  105.  The  tide  totally  lofe^  its  elFedt  during  the  fwoln  flate  of  the 
rivtr,  ibid.  Manner  of  navigating  the  river  during  the  inundation,  p.  106.  Table 
of  the  gradual  increafe  of  the  river  -and  that  of  its  branches,  ibid.  See  Hm^,  * 
Cf.un/inah^  Iflands.  Medium  of  that  increafe,  p.  107.  The  inundation  b  neariy  it 
a  ftand  for  fome  days  before  it  begins  td  run  off,  and  why,  ibid.    Fmicttlar  circnfli-> 

ntate 
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fltnce  attending  the  increab  of  the  Gaogei,  with  tkt  MfttiM  thereof*  p.  I&8 
Objcaioa  t9  ibH  iUvcira  ^(w^nd^  p«  109.  S(e  BMfi9*  Qiu^tst^  of  water  dif 
charge4  by  chftjffver  io  a  fccoad  of  tinK»  p*  1  iQ*    See  Migna^ 

Cijkern  Miftakes  the  Turkey  for  an  Indian  bird,  probablf  the  Peacsck-pheafaat  of 
Mr.  i4w.ardsi  p?  74* 

Gbaxils.     See  A^iiiafesm  '•  "  - 

Orogr/i^  a  river  of  Ii>dia»  p*  91* 

4[?Mr,  iii%  anciem  capital  ^C  SeqgaU    Where  fimafeadf  p<  99. 

G^wffaffly.    See  Cffw*s  Head. 

Gmnea  Grafs.    Its  quick  growth,  p.  X46« 

GM^'fiream.    SetBiagdtn. 

Cwtt,  A  medicinal  one|  procured  from  the  Plafs-lref^  TeryfimUar  to  gam  lace?, 
p.  576. 

Gum  lacca*    See  Kerr* 

Gumduek^  a  river  in  India,  p<  91. 

Gmi'PcFwekr.    See  Tbomffon. 

H. 

• 

HarmattoMt  a  remarkable  African  wind.    See  Dohfin. 

Herfcbel^  Mr,  William,  hit  obfervations  on  the  rotation  of  planets  round  their  axis, 
made  with  a  view  to  determine  whether  the  earth's  diurnal  motion  is  perfedly  equa« 
ble,  p,  iij.  The  diurnal  rotation  of  that  planet  round  its  axis  hay  hitherto 
cfcapcd  the  f^rutiny  of  obfervers,  ibid.  See  Tinte^fieces.  His  obfervations  on  Jupiter 
in  1778,  p.  Z2I.  Ditto  in  1779,  p.  iij.  Ditto  on  Mars,  1777,  p.  127. 
Ditto  in  1779,  p.  128.  The  refolt  of  the  foregoing  obfervations  examined^  p.  izg. 
His  reaibn  for  preferring  White's  E|diemeris  to  the  Nautical  Almanac,  p.  i  ji.  His 
obfervation  of  the  e.clipfe  of  the  Sun  at  Bath,  June  24,  1778,  p.  138^  Hiscalcu* 
lated  conjedures  concerning  the  appearance  of  a  remarkable  dark  fpot  on  the  diik 
of  Mars,  ibid. 

-  ■  ■  _.— _  His  account  of  a  comet,  p.  492.    Table  of  the  meafure  of 

the  comet's  diameter,  p.  494.  Table  of  the  dillance  of  the  comet  from  certain 
telefcopic  fixed  ilars,  p.  496.  Table  of  the  angle  of  pofition  of  the  comet  with 
regard  to  the  parallel  of  declination  of  the  fame  telefcopic  fixed  ilars,  meafured  by 
a  micrometer,  p.  497,    MiiqelUneons  obfervations  and  remarks,  p.  498.    Remarks 

.  on  the  path  of  the  comet,  ibid.  The  method  of  tracing  out  the  path  of  a  celeilial 
body  by  taking  its  didance  from  certain  ftars,  and  the  angle  of  pofition  with  regard 
to  them,  cannot  be  expe^ed  to  be  completely  jud,  p.  498.  And  why,  p.  499.  Part 
of  a  letter  from  M.  Meffier  to  Mr.  Herfchel,  concerning  the  ihortnefi  of  the  time  in 
which  he  difcovered  the  motion  of  the  above  comet*  ibid.  Defer iption  of  a  micro* 
meter  for  ukiog  the  angle  of  pofition,  p.  500. 

4  A  a  Hmbtrg^ 
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Hpmkrg^  Mr.    See  Kirwrnn* 

Hooglj  river  (tbe  port  of  Calcutu).    Is  formed  by  the  janfHon  of  the  Coffimhuzar  wd 

JeUinghy,  the  wefteromoft  branches  of  the  Ganges,  p.  91,    Difficulties  of  entering 

that  river  accounted  for,  ibid. 
Hoffitals.    Great  political  advantages  might  be  derived  from,  by  adiUng  to  their regiflCTS 

of  patients  the  places  of  their  births,  356. 
Hunter,  Mr.  William,  his  eflky  on  a  new  method  of  applying  the  fcrew,  p.  sBv    Hb 

method  of  applying  the  fcrew  explained,  p*  59.    And  compared  with  the  comwrn 

methodi  p.  6o. 

I. 

* 

Jtlling^y  river.    See  JioogJj.    Change  in  the  (ituation  of  the  outlet  of  that  rivet  ui 

eleven  years,  p.  96. 
lalmui  noFVigatwi,    See  Ri<uers. 
JJIands.    Extenfive  new  ones  formed  in  the  channel  of  the  Ganges  ia  m  much  ihortcr 

time  than  a  man's  life,  p.  lOo.    And  old  ones  fwept  away,  p.  loi. 
Jumnab.    The  firft  river  of  note  which  joins  the  Ganges,,  p.  91. 
Jupiter.    Method  of  accounting  for  the  irregnlarities  of  his  revolotions,.  p,  xi8«    See 

Utr/cbO. 

K. 

Kerr,  Mr.  James,  his  natural  hiibry  of  the  infe^  [Coccus  laeca]  which' prod tos  the 
gumlacca,  p.  374.  That  infed  defcribed,  ibid.  Its  change,  p.  375.  Gum  lacca, 
how  produced,  ibid.  The  eiltdls  the  infedls  have  on  the  branches  where  they  fix, 
p.  376.  Gom  lacca,  where  principally  found,  p.  377.  Trees  which  thofe  in(e£ks 
inhabit,  p.  376.  Gum  lacca  diftlnguifhed  by  the  £nglifh  into  four  kinds,  ibid. 
Method  of  preparing  (hell  lac,  p.  378.  Its  ufes  to  the  natives,  ibid.  In  omameats 
for  the  ladies,  ibid.  In  fealing  wax,  ilnd.  In  japaning,  varnifhing,  and  grind* 
Hones,  p.  379.  In  painting,  p.  380.  And  in  dying,  and  Spaniih  wool,  p.  38 f« 
Figures  of  the  inle6t,  p.  382. 

Kirwan,  Richard,  Efq.  On  the  fpecific  gravities,  &c.  of  faline  fubAances,  p;  7^ 
The  principles  on  which  the  proportion  of  many  neutral  falcs,  and  the  fpecific  gra- 
vities of  mineral  acids,  are  determined,  ibid.  Mathematical  fpecific  gravity,  what, 
p.  8.  Experiments  on  fpirit  of  fait,  p.  9.  Table  of  the  fpecific  gravities  of  the 
marine  acid  and  water,  p.  13.  Experiments  on  fpirit  of  nitre,  p.  i6.  The  method 
ef  determining  the  real  fpecific  gravity  of  that  acid,  p.  i8.  Table  of  the  (pcciSc 
gravities  and  attrafUons  of  ^irit  of  nitre,  acid,  and  water,  p.  22.  Comparifon  of 
the  refult  of  thofe  experiments  on  the  (pirit  of  nitre  with  thofe  of  Mr.  Homberg, 
p.  23.  Experiments  on  oil  of  vitriol,  p.  26.  Table  of  the  ipecific  gravities,  &c. 
of  oil  and  fpirit  of  vitriol|  acid,  and  water,  p.  30.  Dlffeience  between  the/e  expe- 
riments 
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iijiicnt9>  on  oil  of  vitriol  tad  tbofe  of  Mr.  Homber^  accounted  fbr»  p.  31.  Expo^ 
riments  on  the  acetons  acid»  p.  32.  DeduAions  from  thofe  ezperimentiy  p.  33, 
Experimeiiu  on  the  fpecific  gravity  of  £xed  air  in  iti  fixed  fiate,  p.  3  5.  Experiments 
on  fixed  vegetable  alkali,  p.  38.  Refult  of  thefe  experiments,  ibid.  Table  of  the 
contents  of  a  iblution  of  mild  vegetable»  alkali,. according  to  its  ipecific  gravity,  p. 
46.  See  Cbymcal  AffinitUs^  Marveam, 
Kkimms.  The  difference  between  hit  account  of  the  cirri  of  the  Ophidinm  and  Wil<«. 
looghby*s  reconciled,  p*  437* 


ZTtfr.    See  Kkrr. 

Ughtmng.    SeeBrgrgtoMf  Adidt* 

Lindf  Dr.    See  Ntrris. 

JUyd^  John,  £fq.  his  account  of  an  earthqaake  at  Hafodunoi  4ieac  Denbi^i  P«  SJi 
Luckif9Uir.    Tragical  event  there,  105. 
Lumiwiu  aff€^an€e  in  tbi  httevtm.    Set  dnfoBo^ 


JUarine  Mcid»    See  Kihuati* 

Mars.    How  to  determine  hk  rotation  with  great  exadneft,  p.  119.    See  HerfchtL 

Mar/doh  William,  £fq..his  account  of  ar  phenomenon  obferved  upon  the  ifland  of. 
Sumatra,  p.  383.    See  Fi/b» 

Marfiam^  Robert,  Elq.  his  further  account  of  the  niefulaeft  of  .wafhiog  the^  ftems  of 
trees,  p.  449.  That  ulefnlnefs  proved  by  obfervations  on  wafhed  and  unwaihed 
beaches  aad  oaks,,  ibid. .  Experiment  made  on  the  roou  of  trees  with  pond-mud,  p. 
450.  Young  uees  are  reafonablyexpeded  to  increafe  more  than  old,  ibid.  The  annual 
increafeof  ytry  old  trees  hardly  meafurable  with. a  firing,  and  wh^,  p.  .451.  Sees. 
Oak.  All  the  ingredients  of  the.  united  vegetation,  received. from  the  roots,  fiems, 
branches,  and  leaves,  of  a  mofly  and  dirty  tree,  do  not  produce  half  the  increafe 
that  another  gains  wbofe  ficm  is  clean  to^  the  head  only,  p.  452.  Caufe  of  that, 
inc^afe  confidered,  ibid. .  Obfervatioos  on  his  firft  wafhed  beech,  ibid. 

itiffut.  A  river  which  falls  into  the  Burrampooter,  to  which  it  communicates  its  name 
for  the  reft  of  its  courfe,  p..ioo.  Prodigious  body  of  .water  produced  by  its  junc« 
tion  with  the  Ganges  below  Luckippuer,  p.  113. . 

J^ftle^ridis.    See  Athciutus. 

Mrjpery  M.     See  Her/M^ 

Metmol^ical  Journal  kept  at  the  houfe  of  the  Royal  Society,  with  tables  of  the  Varia- 
tioDs  and  the  Dipping-needlci  p*  200.  et  feq.    See  ff^tatbtr, . 

Midvfi/trj.    See  ,Bland» 

M»nji$nu 
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Mau/oonu  See  Shers.  Little  or  no  riia  falb  during  the  eentinutoee  of  lU  aertkerly 
one  in  Bengal,  p.  103.  Diferent  fettiogs  of  the  monfiooat  in  the  gidf  of  Btngtl, 
and  in  the  caftern  and  northern  parts  of  tbat  province,  p.  106. 

Moofyjyl  lake.    Formed  by  a  winding  of  the  Coffimbunar,  p»  99. 

Murwau,  Mr.  of  Dijon.  The  only  one  who  hai  thonghc  of  nfeertaiaing  tie  vtiioos 
degrees  of  force  of  chemical  actradion,  p.  7. 

NegrO'heaJs*     See  Smeaibman. 

Nilt'    Sec  Btftgal.' 

Nirrius^  Mr.  (a  freqncnt  wfitor  to  the  Coaft  of  Africa).    Difiers  firom  Dr,  Iii)d»  coa« 

ceriiing  the  efFedi  of  the  Harmattan.  p.  54. 
N/uJ^.    Defcription  of,  p.  3.    See  Fprfitr* 

Oak,  Its  long  duration  in  water,  p.  178.  That  near  the  hon,  Mr*  Lcggt^s  lodge  in 
Holt  Foreil  did  not  increafe  above  half  an  inch  in  nineteen  years,  p.4Si*  Dimenfions 
of  the  hollow  one  at  Cowtborpe  in  Yorkfhirey  ibid.  Compariibn  of  the  contents 
of  that  with  thofe  of  the  Hampfliire  and  Yjorklhire  oaks,  p.  452* 

Oil  of  nfitrioL    See  Ktmvan. 

Opbldimu    See  Brouffintt. 

PalM'tHe/nout^Uetie*    Eat  in  the  Weft  Indies  as  a  delicacy,  p.  i68« 

farafilAnts.    Account  of,  p.  175. 

Ptacock'pbeafants.    Defcription  of,  p.  74. 

Pemiantt  Thomas,  Efq.  Gave  the  Rrft  defcription  of  the  Tyger<at  of  any  nfe  in 
natural  hifiory,  p.  3.  His  account  of  the  Turkey,  p.  67.  Defcripdon  of  that 
bird,  p.  68.  White  variety,  ibid.  Size,  manners,  and  notes,  p.  69.  Areirafdi^^ 
polygamous,  and  fwift,  and  love  tp  perch  high,  p.  70.  Are  gregarious,  p.  71* 
Their  haunts,  ibid.  The  flefli  of  the  wild  Turkey  is  faid  to  be  fuperior  in  goodnefa 
to  the  tame,  ibid.  The  Indians  make  cloathing  of  the  feathers,  andfims  of  the 
tails,  and  the  French  of  Louiiiana  ufed  to  make  umbrellas  of  the  latter,  p.  72.  Its 
fiupidity,  ibid.  Is  a  native  only  of  America,  p.  72^  Opinions  of  diflerent  authors 
concerning  it,  p.  73.  et  feq.  When  firft  introduced  into  England,  p.  8o.  Extra- 
ordinary protuberance  from  the  thigh  bone  of  orie,  p.  8 1 . 

>■  ■         His  account  of  feveral  earthquakes  in  Wales,  p.  193.     Mioen 

or  colliers  not  fenfible  of  the  ihock  nnder  ground,  though  Efficiently  violent  to 
terrify  the  inhabitants  of  the  furface,  p.  194. 

Figpti^  Edward,  Efq.  his  account  of  a  nebula  in  Coma  Berenices,  p.  8s.  Its  mean 
right  afcenfion  for  April  20,  1779,  ibid.    Its  north  declination,  p.  8j. 

4  p^i«f /, 
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Pigott^  Nathanad,  Efq.  hb  difcovery  of  double  fiars  at  Prampton-houfc,  in  Glamor- 
ganihire,  17799  p*  S4«  His  method  of  deducing  their  dedinationy  ibid.  p.  85. 
And  of  obferving  them,  p*  85.    Their  places  defcnbed,.  p.  86, 

»■  ■  His  aflronomical  obiervations,  p.  347.    Longitude  of  Wick- 

jiill,  the  feat  of  Ltdy  Widdringtoo,  near  Stow  in  the  Wold»  Glouccfterfliire,  deter- 
roinedy  ibid*  Latitude  of  his  obfenratory  at  Frampton-houfe  determined^  ibid. 
Situation  of  Frampoon'faoufey  which  is  nearly  onder  the  iame  meridian  as  Watchet» 
in  Somerfetihirei  p.  348.  His  method  of  determining  the  difference  of  meridians 
between  that  honfe  and  Greenwieh,  p.  349.  Occulutions  of  fixed  ftan  obfenred  at 
Frampton-hoofoy  1778,  17799  p.  350. 

Planets*    See  Ai*wooJm 

Pmid-Mud.    See  BMhmnm 

Pregwmu  IFimm.    See  W9mau 

Pr^niSg  lift  of,  p.  ^i;. 

Priutt,  Mr.    ^WUknL 

PmMiJUmbiams.    See  Tbmiiffin* 

Punpral  ftntr.  Rfiifima  why  poor  women  b  gcntrally  efeape  that  fatal  difeafe^ 
p.  36  u 

^mairmit^  Hadley's*    See^/Asr. 
■     ■        aftranomicaL    Ufelda  at  Seai  p*  396^ 

R. 

KmuM^  Jamesy  fifq.  his  account  of  the  Ganges  and  Borrampooter  rivers,  p.  87.^ 
Great  refemblailce  between  them,  p.  88.    See  Thihtu 

Ricim    A  particular  kind,  p.  105. 

Eivers.  Thofe  in  Bengal  form  the  compleateil  and  e^eft  inland  navigation  con- 
ceivable, p.  87.  Number  of  boatmen  employed  thereon,  ibid.  Great  trade  carried 
on  by  means  of  that  navigation,  p.  88.  Which  greatly  furpaiTes  the  inland  naviga- 
tion of  North  America,  p.  89.  Propordonal  lengths  of  tomt  of  the  moft  noted 
in  rivers  the  worid,  p.  90.  Canfes  of  their  winding  coarfes,  p.  gj.  AH  thofe 
fitnated  within  the  limits  of  the  monfoons  are  faljeik  to  annual  overflowings,  p*. 
103.    See  Bufm, 

Robins^  Mr.     ^etTLdTr^on. 

Rpadeieiims.  Has  given  a  better  defcription  and  more  accurate  figure  of  the  Ophidlum. 
than  Bellonitts,  p.  436.    Difitrence  in  their  drawings  accounted  for,  p.  437* 
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ShUkc  fuhfiances.    See  Ktnvan*  ' 

i^vjpoo,  or  Zanciuj  the  name  of  the  Burrtmpooter  in  the  country  of  Thibet,  p.  xzo« 

See  Ava» 
Scnnv.    See  Hunttr. 

Sea-warmt,    Though  pernicionn  to  fliipping,  «re  yet  of  ioiportant  ufe  to  msnkinda 
p.  177. 

Shuckburglk^  Sir  George.    SeeCn«r&* 

Silk-cotton-iree  warm.    Preferred  by  the  Indians- ftnd  negn>et*to  narrbvr,  p.  x68* 

Small'pox^    See  fFrigbt. 

Smeathman^  Mr.  Henry,  his  account  of  the  Termites   [or  White  Ants],  which  are 
found  in  Africa,  and  other  hot  climates,  p.  139.    Their  contrivance  and  ezeco* 
tioDs  in  their  buildings  fcarce  fall  ihort  of  human  ingenuity  and  pmdence,  ibid. 
Sagacity  of  thofe  infers,  p.  140.    Various  names  by  which  they  are  called,  ibid. 
DJiFerent  fpecies  deicribed  by  Dr.  Solandery  p.  141^    Defboy  t^^ry  thing  fofccr 
than  metal  or  fione,  p.'i4S«    Live  in  commonities  like  anu,  but  are  «ot  the  fame 
kind  of  infet^,  ibid.    Surpafs  all  other  animals  in  the  art  of  building,  p.  14>»   Why 
called  Fatalis  or  Deftru£tor,  ibid.    Size  of  the  queen,  ibid.    Their  commnntties 
defcribed,  p.  144*    Have  been  erroneoufly  clafied  by  Linnaeus,  ibid.    Differ  as 
much  as  birds  in  the  manner  of  building  their  habitations,  ibid.     Are  of  three 
differeift  orders,  p.  145.    Are  both  pernicious  and  ufeful,  p.  S46.    Will  in  a  few 
weeks  deftroy  and   carry    away    the  bodies  Of   large  trees^    without  leavbg   a 
particle    behind,    p.    147.    Monf.  -Adanfon's    defcription    of   their    hills,    ibid. 
Have    many  thoufand  ways  out  of,   and  into,    their  buildings,  but  all  fubter- 
raneous,   p.    148.     Amazing  magnitude  of  their  buildings,    with  a  companion 
of  them  and  thofe  of  mankind,  ibid.    Defcription  of  their  buildings,   p.   149* 
Their  manner  of  building  their    honfes,    p.    i  jo.      Which,    when    half-built, 
the. wild  bdls  lUnd  on  to  guard  the  herds  below,  p.  151.    Defcription  of  the 
king^s  and  queen's    royal    chamber,    ibid.    And  other  interior  parts    of  their 
buildings,  p.  153.    The  king  and  queen,    from  their  extraordinary  magnitude, 
cannot  poilibly  go  out,  ibid.    Their  magazines  defcribed,  and  the  prorifions  for 

.  their  young,  ibid.  The  royal  chamber  is  enlarged  as  the  queen  increafes  in  bulk, 
p.  153.  Remarkable  circumfiance  relating  to  their  nnrferies,  ibid.  Their  nuHeries 
defcribed, -p.  154.  The  royal  apartments  defcribed,  p.  155.  Their  fnbterraneoas 
patTages  for  carrying  off  the  water  defcribed,  p.  156.  Their  manner  of  preparing 
the  clay  or  done,  with  which  they  con(lru6t  their  buildings,  p.  157.  Makee  fpirsil 
flope  within  their  hills,  for  the  labourers  and  foldiers  to  pafs  up  and  down,  like  a 
Aair-cafe,  ibid.  And  a  vaft  arch  from  the  floor  of  the  area  towards  the  topof  the 
building,  to  (horten  the  diftance  from  the  royal  apanments  to  the  upper  nnrferies, 
4P*  158.    One  of  thofe  bridges  defcribed,  with  its  dimenfions,  ibid.    Thetunet« 
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iMib  dt  t1l9  Ai«tfor  Q^loi  dercrihedi  p»  ij).  Wl^efc*  If  #Mm»te4  by  Hni 
iflie  of  thv  buiMerii  are,  foar  or  flvo  timet  th0  height  of  the  nooomcnr, 
4bldt  Bt^cogth  of  ibofe  turreti*  and  their  manner  of  rebuilding  tbem,  whvo 
«v0rthrowni  p*  i6o»  Two  fizes  of  thofe  neiU  built  by  two  different  Tpe* 
cies  of  Termites,  with  their  dimeniiotiSi  ibid.  Negrorbcadi,  or  neds  built  in 
<reei,  defcribed,  p.  i^3.  The  working  infefis,  or  Labourers,  called  wood-lice, 
4vbich  they  much  refemble  at  a  diftance,  by  the  French^  ibid.  The  foldiers  which 
gre  much  larger  than  the  labourers,  p,  164.  And  the  infedt  in  its  perfefl  ftate, 
whichis  furniihed  with  Ainr  wingi,  ibid. '  And  are  only  to  be  found  jud  before  the 
commencenent  of  the  rainy  feafon,  p.  i6(*  Their  dwellings  fometimes  invaded 
by  the  real  anta  and  other  vermin^  ibid.  Have  in  their  prefent  ftate  two  large  eyes, 
which  are  very  confpicuous,  p.  i66«  191*.  The  feafon  of  their  coming  abroad, 
ibid.  When  ailoniihing  numbers  of  them  are  deftroyed  by  their  numerous  enemies^ 
!>..  167.  Are  «atcn  in  ibme  parts  of  Africa,  ibid.  Method  of  taking  and  preparing 
them  for  food  10  the  Eaft  Indiea,  ibid*  And  in  Africa^  p.  i68.  Great-change  ia 
4heir  difpofitions  after  being  expofed  to  the  rains,  p.  i6g.  Manner  in  which  the 
labourers  protect  their  king  and  queen  from  their  enemies,  p.  1 79.  Extraordinary 
change  in  the  queen  when  pregnant,  p.  170.  And  the  .prodigious  number  oX  tg^% 
laid  by  them,  p.  17^.  Which  are  inftantly  carried  by  the  attendants  to  the  nurle^ 
riea,  where  they  are  hatched,  and  the  young  provided  for  till  ablo  to  (hifc  for  them* 
felves,  p.  17.2*  The  working  and  fighting  forts  never  expofe  themfelves  to  the  open 
air,  but  in  cafes  of  neceffit)',  p.  .173.  A  fpecies  of  them,  called  Vag  Vague,  de« 
fcribed  by  Mr*  Adanfon,  ibid.  Their  manner  of  travelling  and  of  efcapiog  when 
ainrmcd,  p.  174.  Arejaot  a  match  for  the  ants,  p.  175.  Avoid  ail  communication 
with  other  infe£U  or  animals,  and  never  meddle  with  them  but  when  dead,  ibid, 
Their  expedition  in  repairing  their  covered  ways,  Sec.  1764  i88.  Will  fink  ander 
the  foundations  of  hoofes,  and  eat  their  way  through  the  pofts  np  to  the  thatch,  pu 

177.  Their  curious  method  of  fortifying  po(b,  which  have  foroe  weight  to  fupport,  p, 

178.  Various  furprifing  depiedations  committed  by  them,  p.  179.  et  feq.  Will  exca- 
vate  a  boardi  without  perforaiing  the  furface,  ifet'luch  a  manner  as  to  render  it  nearlf 
as  light  as  two  pieoes  of  pate- board  of  the  fame  dSmenfions,  p.  i8o.  And  will  enter 
at  the  bottom  of  a  found  hedge-dake,  dctftroy  the  infide  entirely,  and  leave  the 
lurk  fianding,  p.  i8a.  Difagreeable  miftakes  the  author  has  been  led  into  by  the 
outward  appearance  of  lai^  fallen  trees,  whi^  have  been  intirely  hollowed  within, 
ibid*  Behaviour  of  the  foldiers  on  tkeir  buildings  being  broke  open,  183.  185. 
And  of  the  labonrerSt  184.  185.  jObftbacy  of  the  ibldiers  in  defending  their 
ruined  works»  p*  i86.  While  the  /oldiers  delend  the  ontworks,  the  labourers  flop 
up  all  the  paiTagcs  to  the  royal  chambor*  &c.  >x%^*  When  the  royal  chamber  if 
removed,  and  the  queen  expofed  to  the  air,  the  inboniers  will  work  an  arch  completely 
«ver  her  before  the  next  morning,  p.  i88«  Behaviour  of  the  king  when  the  royal 
ehamber  is  removed,  ibid.  If  the  hiil  is  thrown  sato  n  hey  pf  rmns,  provided  the 
Vol.  LXZI.  4  B  king 
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king  and  queen  be  fafe,  tbe  animali,  if  undifiurbed,  will  nearly  repair  the  wboh  m 
about  a  year,  p.  189.  Their  loyalty  and  fidelity  ro  thdr  foverei^i,  ibid..  The 
inarching  Termites  defcribed.  p.  189.  Some  of  the  foldien  a&  ai  regulacb^ 
ofEcers  daring  their  march,  p.  190.  The  labourers  and  foldiers  appear  CO  bave  b* 
eyes,  p.  191* 

Soane^  a  river  of  India*  p«  91* 

Spirit  of  nitre.     See  Kin\)aii. 

Spirit  cffalt.     Sec  Kirwan, 

Stanhepf^  Philip,  Earl,  his  letter  on  adfeOed  equations,  p.  195* 

Suk*     See  AtxLtod, 


T. 

Vkjmpfiffiy  Benjamin,  Efq.  hit  experiments  on  Gon-powder,  p.  229.    Defcriptibn  of 
the  apparatus'  employed  therein,  p.  230.  €t  feq,    Defcriptton  of  the  pendulum  for 
determinlog  the  velocity  of  the  bullets,  p.  254.    Method  of  meafuring  the  recoil  of 
the  barrel,  p.  236.    Defcripcton  of  the  gun-carriage,  p*  237.    The  powder  made 
ufe  of,  p«  239,    And  the  manner  in  which  it  was  kept,  and  made  into  cartridges  for 
uie,   ibid.    Manner  of  charging  the  piece,   p.  240.    Table  of  the  weights  and 
dimendoos  of  the  principal  parts  of  the  apparatus,  p.  242.  et  feq.    General  table 
of  the  experiments,  p.  245.    Order  of  them,  p.  246.  ec  (eq.    Method  of  preventing 
the  impulfe  of  the  flame  upon  the  pendulum,  p.  247.    Leaden  bnllets  eaft  upon 
plaiilcr  of  Paris,  p.  25^.  Experiments  with  powder  otily,  p.  253.   Of  the  method  of 
computing  the  velocities  of  the  bullets,  p.  256.    Of  the  fpaces  occupied  by  ditferent 
charges  of  powder,  p.  257,    Of  the  effect  ihfit  the  heat  which  pieces  acquire  in  firing, 
produces  upon  the  force  of  powder,  p«  258.  The  aagmentation  of  the  force  of  powder, 
when  fired  from  a  warm  piece,  accounted  for,  259.  Meal -powder  the  bed  for  priming, 
p.  260.  Of  the  manner  in  which  pieces  acqiiire  heat  in  firing,  p.  261.  \^hich  heatia 
greater  when  ^eA  with  powder  only  than  livhea  with  powder  and  ball,  p.  262* 
That  circumftance  accounted  for,  ibid.    Bullets  are  not  heated  by  the  flame  of  the 
powder,  but  by  percuiEon  againft  hard  bodies,  p.  265.    The  runnrag  of  the  metal  in 
brafa  guns  on  repeated  firing  explained,  p.  264.    The  vent  of  a  piece  lined  with 
gold  is  much  more  durable  than  one  made  in  iron,  ilnd.    To  what  the  heat  acquired 
by  guoa  in  firing  is  principally  owing,  p.  265.    Obfervatioas  on  the  geaeratioa  of 
that  heat,  p.  266.    Of  the  effeA  of  ramming  the  powder  in  the  chamber  of  the 
p^'cce,  p.  268.    The  refiiit  of  difereot  experiments  with  rammed  and  unnlnuned 
powder,  ibid. '  Of  the  relation  of  the  velocities  of  bnllets  to  the  charges  of  powder  by 
which  they  9re  impelled,  p.  2  70.  Tabled  ihe«ing  that  whe<k  the  weights  and  dimenfions 
of  bullets  are  the  £ime,  and  they  are  difi:hafged  from  the  fame  piece  by  diflerent  quan* 
titles  of  powder,  the  velocities  are  very> nearly  in  the  fab-dvplicate  ratio  of  the  weighu 
id  the  charges,  'M^^  z^u    Of  the  efieft  of  placing  the  vent  k  diiftrent  ]^artr  of  the 
^  ^.    .  diarge^ 
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diarge*  p«  171*  Mr.  Robins*a  opinion  wich  refpeft  to  th«  manner  in  which  gnn* 
powder  ukes  fire«  ibid.  Table  of  experiments  Aewing  that  tffc&t  p.  274.  In  the 
formation  of  fire-arms  no  r^rd  is  to  be  had  to  any  fuppofed  advantages  from  par- 
dcolar  fitaations  for  the  vent,  p.  277.  The  beft  form  for  the  bottom  of  the  bore, 
and  the  fitnation  of  the  vent,  in  great  gont  and  fire-arms,  p.  279.  New  meihod  of 
determining  the  velocities  of  bullets,  ibid.  The  momentum  of  a  gnn  muft  be  pre* 
cifely  equal  to  the  momentum  of  its  charge,  ibid.  Method  of  determining  the 
velocity  of  bullets,  p.  280.  Another  fimpler  and  eafier  method  of  determining  that 
velocity,  p.  28a.  Table  iliewing  the  refuU  of  experiments  iu  thofe  methods,  p. 
187.  Table  (hewing  how  thofe  methods  agreed  opon  the  whole,  p.  289.  Compa- 
rison of  the  two  methods,  p.  292.  Of  a  very  accurate  method  of  proving  gun- 
powder, p.  298.  All  the  eprouvettes,  or  powder-triers,  in  common  ufe  are  defec- 
tive in  many  relpeds,  ibid.  Powder  may  anfwer  to  the  proof  commonly  required, 
and  yet  turn  out  very  indilFcrent  when  ufed  in  fervice,  ibid.  The  abovementioned 
method  of  proving  gun-powder  explaioed,  p.  299.  The  apparatus  defcribed,  p. 
300.  The  temperature  of  tbt  atmoiphere  hai  a  very  feniible  clFeA  upon  the  force 
of  gon-powder,  p.  302.  Of  the  comparative  goodnefs  or  value  of  powder  of  dif- 
ferent degrees  of  ilrength,  p.  303.  Of  the  relation  of  the  velocities  of  bullets  to 
their  weights,  p.  305.  Mr.  Robin*is  theoiy  defedtive,  ibid.  Figure  explaining  the 
relation  of  the  velocity  to  the  weight,  p.  309.  Table  of  the  quantity  of  powder 
inflamed  in  ieyeral  experiments,  p.  312,  Obfervations  on  the  weight  of  gun-pow- 
der, p.  314.  Different  ibrts  of  powder  mrntioned  by  French  authors,  ibid.  The 
weakell  powder,  or  the  henvieft  in  proponion  to  its  claftic  force,  ought  to  be  ufcd  to 
impel  the  heavieft  bullet,  p.  315.  An  objedion  to  that  pofition  anfwered,  ibid. 
Table  of  the  relation  of  the  velocities  of  bullets  to  their  weighu,  fappofing  their 
velocities  to  be  in  the  reciprocal  fub-triplicate  ratio  of  their  weights,  p.  3 16.  Table 
of  experiments  with  half  the  weight  of  the  powder  added  to  the  weight  of  the  bul- 
lets, p.  3x7.  Table  of  the  refult  of  thefe  experiments,  p.  319.  Of  an  attempt  to 
determine  the  explofive  force  of  anrnm  falminans,  or  a  companion  between  its  force 
.  and  that  of  gun-po^er,  p.  321.  Defcriptton  of  a  barrel  provided  on  porpofe  for 
that  experiment,  iUd.  Refblt  of  that  experiment,  p.  322.  Of  the  fpecific  gravity 
of  gun-powder,  p.  323.  Mifccllaneoaa  experiments,  p.  324*  Of  fome  onfoccefifnl 
attempts  to  iacreafe  the  force  of  gun-powder,  ibid.  Account  of  au  experiment  to 
try  the  force  of  water  rarified  bto  fleam  in  impelling  bullets,  ibid.  Refult  of  that 
experiment,  p.  325.  Refult  of  others  made  with  highly  redified  fpirits  of  wine, 
etherial  oil  of  turpentine,  and  fmall  quantities  of  quickfilver,  inflead  of  water,  ibid. 
With  sethiops  mineral  intimately  mixed  with  gun-powder,  p.  326.  Ingredients  of 
^common- pulvirfnlminans,  ibid.  RefuU  t)f  an  experiment  made  by  nixing  fait  of 
, tartar  with  gun-powder,  jv  327.  With  fid  ammoniacnm,  ibid.  With  braft  duft, 
ibid.  Earthy  particles  and  all  kinds  of  impurities  are  very  detrimental  to  gun- 
powder, and  why,  p.  328.    Of  an  attempt  to  flioot  fian^  inflead  ^f  bullets,  ibid. 

See  Srafs  Oniumce,  Baitk  Powder,  _ 
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7§rmitriy  orWhkeAou,    Set  Smtathmam. 

JjbtfiUbmiter,    Great  advflotagcf  refaltiog  fimD  the  ioventlon  of  tliat  iiiac|&e»  f.^9u         \ 

grfi^ify  mouDUiot  of.    Are  the  fooreet  of  the  Ganges  and  BuwampovKcr,  p,  889 

Prom  whence  they  flciwiiioppofitedire^cmsf  ibidf 
Tinupifceu    Not  fuffidcndy  perfeft  to  examine  the  eat tV$  dlatiMt  motioot  pv  \  i6e 
ffffs.    See  Marjbamm 
furhy.    See  Poimuti,  Sitm^  Aihmam^  Af^wandm^  Ge/ntTm 

fmfftr^  his  account  of  the  Chriftms  HufflyaodlirFafey  p*  8o« 

y5^#r-r«/i.    See  For/Urw 

f^^Z  f^^g^e*    A  rpeciei  of  White  Ants#    See  Smiathmaa^ 
Farlath/i.    See  MeteofolegUalJmmaln 

UPtf^/t  &Iri  t^ilUam.  On  the  refolution  of  adfeAed  ecjualionsy-  p.  454^  TaUroF  Aor 
£oes,  cofioes,  and  tangents,  of  arcs,  of  circlesy  and  of  the  niiltiples  of  tkok  acs^ 
459,  460,    Obfervations  on  thofe  tables^  p.  461. 

Wtather*  MeteOiological  Journals  of,  at  Nain  and  Okaie^  on  the^  Gonft  of  Labradoief 
p.  197. 

WtiuzMh    See  Chtmcdd  JfimiUn 

WiJImiwfier  Gemral  DiJ^mfary.     See  Bkmt. 

imu's  Epbamrii.    See  HnfibtU 

WiUard^  Mr.  Jofeph,  his  letter  concenan|r  the  Idngitnde  of  CSnferfdge  in  Nesr  Ei^ 
landt  p«  s<)<*  '^he  generally  reckoned  difesence  of  sneridiaM'  bedreen  Gieenwith 
and  Cambridgei  which  was  iiTed  by  the  latt  Ih.  Wtnchrop,  MR  end,  2U;  Bn 
obfenration  of  the  ecUpfe  of  the  fiio.  Oft.  27,  z  780^  ia  OMftpuiy  irith  Mr.  (Aider 
of  Ipfwtch  and  Mr.  Prince  of  Snleait  p.  505* 

Jfiliot^i>6y-    See  Kkinm% 

Wimh.    See  Cavalla. 

Wmtbrof^  Dr.    See  WiUard. 

Wiifnit  Patrick,  M.  A.  his  fitfther  ezpcrimettU  on  cold  at  tie  UwMuLt  OUemugf 
mt  Glalgp^  College,  p.  386.  H^iileii  of  the  diftfcnoe  of  teofemaiv  betweni 
fiiow  aod^,  p.  397*  €t  tcq* 


[    5*7   J 

mmj^    SvtDJfiM, 

WmmiK,    Sco  Bi»»i,    Pr^Kistt  Mxfd  incfa  dw  findl^pox,  or  laocnUted  (y  milUr, 

gnerally  milcvfy  in,  or  (bon  after,  the  erupdre  ftver,  p.  373. 
JV^Mi/  jfc/j.    The  moft  pernicioiu  of  all  otHen,  p>  180. 
Wirnh^Shifi.    InhamaQ  {inAIn!  of  ploadcting  them  flill  pnCtUed  oa  the  Welc^ 

Coift,  p.  348. 
ffrigitf  Or.  WUliam,  tut  accouBt  of  «  duM  who  kid  dta  fiuU-pox  in  the  womb» 
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Page. 

Line. 

i6. 

S*  /^r  Goan  read  Jean 

— 

15.  y^r  Jiff,  r/flrf  Jiff. 

»7. 

!•  yir  of  vitriol  read  of  tartar  of  vitriol 

I«; 

T.  for  erica,  formed,  read  erica-formed 

— 

1 9.  for-  wetted  read  melted  - 

ai« 

13.  for  clays  r/urf  clay 

23- 

14^  M  5^^J*  ^^<frf  5vij. 

a4. 

I.  yir  Jv.  rrarf^Jv. 

a6. 

6.  for  dale  r/ii^  deal 

28. 

1^.  for  fubftan^e  r/a^  fiibftanoer^ 

30. 

20. /^  tin  TMi  fire 

33- 

iaft  line,  omt  ibi  word  than 

34- 

23%  aftir  iron  /ij/^rl  ore. 

V  O  L.     LXX. 

478«     I.  Journal  of  the  Weather  at  Senegambia,  &c.  Jhould  bo  Journal  of 

the  Weather  at  Senegal,  [For  Senegambia.  is  the  whole  pro- 
vince, the  river  Gambia  included,  in  which  river  the  weather 
muft  have  been  quite  different  at  this  period  from  what  it  was 
at  Senegal,  becaufe  the  diforder  did  not  rage  there. 

483*  Iaft  line,  nad  that  the  wind  in  the  fame,  month  in  the  river 

Gambia,  &6. 

490.      (>..for  blank  read  planked 
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Fafic.  Line. 

334*      S«  f^  ^  ^^^  ^^^ 

343.  20«  y%r  flown  ucd  flowed 

363.      3*  of  the  note  *,  y»r  after  a  labour  ry^^'  after  a  natural  labMr^ 

5,  '     fur  eight  inches- ritfi  five  iochei*. 

38 3»  1 3-  Z^'*  then  nad  there 

417.       r.  art,  23.  fur  (art.  27.)  nmi  (art.  a**) 

423*  5*  art.  28.  fw  (art»  24*)  r/4ii  (art.  23*} 

425.  laft  line  but  tnoyftr  i-'p  riad  l~  Zf^ 


%*  Thereai«TWENTY-SEVEMpl«te»mth1tvotttme* 
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